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RÉSUMÉ 
L'objectif du présent travail était d'analyser, au niveau cellulaire, l'influence de 
la laminine et de la mérosine (une forme variante de la laminine) sur la différenciation 
des cellules de la lignée carcinomateuse de côlon humain Caco-2, un modèle cellulaire 
reconnu pour son utilité dans l'analyse de la différenciation entérocytaire humaine. 
Dans un premier temps, nous avons caractérisé la propriété des cellules Caco-2 
à exprimer de manière hétérogène les hydrolases intestinales, comme la sucrase-
isomaltase (SI). Pour ce faire, nous avons effectué une analyse comparée de la 
différenciation morphologique (polarisation, développement de la bordure en brosse) 
et fonctionnelle (expression de la SI) au cours du processus graduel de différenciation 
entérocytaire de ces cellules. Cette analyse a révélé que la différenciation 
morphologique et fonctionnelle s'effectuent selon un patron hétérogène ("mosaïque") 
transitoire, chez les cellules Caco-2. De plus, nous avons mis en évidence une absence 
de corrélation, au niveau cellulaire, entre le degré de développement de la bordure en 
brosse et l'expression de la SI. Par conséquent, cette propriété des cellules Caco-2 à 
se différencier morphologiquement et fonctionnellement selon un patron de type 
mosaïque transitoire représenterait un phénomène global d'expression découplée de 
gènes, associés à la différenciation entérocytaire. 
Dans un second volet, nous avons vérifié la capacité des cellules Caco-2 à 
synthétiser et à déposer les principaux constituants de la lame basale intestinale 
humaine (en particulier la laminine), tant en mono-culture que sous l'influence de 
cellules mésenchymateuses ("HIM") dérivées d'intestin humain. Lorsque cultivées 
seules, les cellules Caco-2 expriment la laminine et la fibronectine. De leur côté, les 
cellules HIM expriment le collagène de type IV, la laminine, la fibronectine et la 
ténascine. Dans tes co-cultures Caco-2/HIM, une déposition de tous les constituants 
de la lame basale est observée à l'interface épithélio-mésenchymateuse, incluant le 
protéoglycan de type héparan sulfate dont l'expression, par les cellules Caco-2, est 
induite par tes cellules HIM. De plus, une redistribution, à la surface membranaire 
basale, de la sous-famille B1 des intégrines est observée chez les cellules Caco-2, en 
co-culture. Par conséquent, les cellules Caco-2, malgré leur origine cancéreuse, sont 
d'une part aptes à une expression in vitro des constituants de la lame basale 
intestinale lorsqu'en co-culture avec les cellules HIM et, de l'autre, d'interagir de 
manière fonctionnelle avec ces mêmes constituants. 
Dans un troisième temps, nous avons analysé la distribution in vivo de la 
laminine et de la mérosine le long de l'axe crypte-villosité de l'intestin humain. Nous 
avons observé une localisation préférentielle de la laminine en association avec les 
cellules épithéliales différenciées des villosités, à l'opposé d'une distribution restreinte 
de la mérosine au niveau des cellules immatures de ta crypte, suggérant ainsi une 
implication différentielle de ces deux constituants de la lame basale dans la 
différenciation entérocytaire. 
Cette hypothèse a été vérifiée, au niveau cellulaire, chez les cellules Caco-2 
dans le quatrième et dernier volet. Tout d'abord, l'analyse détaillée de l'expression de 
la laminine a révélé une déposition cumulative de celle-ci en fonction du processus 
graduel de différenciation des cellules. De plus, nous avons observé une relation 
étroite entre l'expression mosaïque transitoire de la SI et une expression hétérogène 
également transitoire de la chaîne A de la laminine. Au niveau cellulaire, nous avons 
démontré une corrélation directe entre l'expression basale de cette chaîne et celle de 
la SI à la région apicale. Cependant, la mérosine n'est exprimée à aucun moment par 
les cellules Caco-2 au cours de leur différenciation. Enfin, la culture des cellules Caco-
2 sur la laminine ainsi que sur la mérosine a non seulement démontré un effet 
promoteur direct de la laminine dans l'expression des hydrolases intestinales (SI, 
lactase, aminopeptidase N, phosphatase alcaline), mais cela nous a également permis 
de mettre en évidence l'aspect modulateur différentiel de ces deux molécules. En 
effet, nous avons observé que la mérosine influence positivement 1' expression de 
l'aminopeptidase N et de la phosphatase alcaline, mais non pas celle de la SI et de la 
lactase. Par conséquent, ces observations identifient la laminine comme un modulateur 
prépondérant de la différenciation entérocytaire humaine et supportent le concept 
d'une implication de la laminine et de la mérosine dans une modulation différentielle 
de ce processus in vivo, le long de l'axe crypte-villosité. 
1 
1- INTRODUCTION 
1 . Différenciation de l'épithélium intestinal humain. 
Chez l'adulte, la muqueuse intestinale est revêtue d'un épithélium simple 
cylindrique qui se regénère et se différencie perpétuellement selon une séquence 
bien établie (DAUCA et al., 1990; GORDON, 1989; GORDON et al., 1992; 
LEBENTHAL et LEE, 1983; LEBLOND, 1981; POTTEN et LOEFFLER, 1990). Ce 
phénomène de renouvellement est rapide ( s:= 5 jours chez l'homme) et s'effectue 
le long d'une unité morphologique bien définie, l'axe crypte-villosité. Cette unité 
compartimentalisée est constituée essentiellement de deux populations 
cellulaires: a) les cellules souches ainsi que les cellules prolifératrices et/ou 
immatures de la crypte, et b) les cellules épithéliales différenciées de la villosité 
(GORDON, 1989; LEBLOND, 1981; LOUVARD et al., 1992). Les cellules 
souches pluripotentes et indifférenciées sont localisées à la base des cryptes et 
constituent la source du renouvellement épithélial. Celles-ci prolifèrent et 
génèrent des cellules filles qui, entre les second et dernier tiers supérieurs des 
cryptes, prolifèrent à leur tour pour ensuite se différencier. Cependant, ce n'est 
qu'à la sortie des cryptes (ou à leur arrivée à la base des villosités) que ces 
cellules filles exhibent les caractéristiques des cellules épithéliales matures de 
l'intestin. On distingue quatre principaux types cellulaires qui composent 
l'épithélium intestinal: a) les cellules absorbantes, ou entérocytes, qui sont 
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majoritaires, b) les cellules oligomuqueuses ou caliciformes, c) les cellules 
entéroendocrines, et d) les cellules de Paneth (qui se différencient et demeurent 
dans les cryptes) (GRAND et al., 1976; LEBLOND, 1981; MÉNARD, 1989). 
Enfin, lorsqu'arrivées à l'apex des villosités, les cellules épithéliales montrent des 
signes de dégénérescence et sont subséquemment libérées dans la lumière 
intestinale, laissant ainsi la place aux cellules qui suivent (LEBLOND, 1981; 
POTTEN et LOEFFLER, 1990). 
L'axe crypte-villosité constitue également l'unité fonctionnelle de la 
muqueuse intestinale. En effet, la ségrégation des cellules prolifératrices et/ou 
immatures au niveau des cryptes, à l'opposé des cellules villositaires, 
compartimentalise l'expression de gènes reliés à la prolifération ainsi qu'à la 
différenciation cellulaire (BRENNER et BOYLE, 1994; CANO-GAUCI et al., 1993; 
GORDON, 1989; SYKES et WEISER, 1992; TRABER et al., 1991). De plus, le 
processus dynamique de prolifération, de différenciation, de migration et 
d'exfoliation observé au cours du renouvellement de l'épithélium intestinal se 
trouve à établir un gradient apparent de différenciation entérocytaire (GORDON, 
1989; LOUVARD et al., 1992; MÉNARD et BEAULIEU, 1994). Ce gradient est 
d'ailleurs défini par des propriétés morphologiques et fonctionnelles typiques aux 
cellules matures des villosités, qui les distinguent des cellules des cryptes 
(GORDON, 1989; GRAND et al., 1976; LEBLOND, 1981; LOUVARD et al., 
1992; MÉNARD, 1989; MÉNARD et BEAULIEU, 1994; MÉNARD et CALVERT, 
1991; TRIER, 1964). 
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Cependant, c'est principalement l'expression d'enzymes digestifs qui 
caractérise les entérocytes pleinement différenciés (KOLDOVSKI, 1981; 
LOUVARD et al., 1992; MÉNARD et BEAULIEU, 1994; SEMENZA, 1986). Ces 
hydrolases, que l'on retrouve typiquement associées à la bordure en brosse 
apicale des cellules absorbantes, incluent entre autres la sucrase-isomaltase (SI), 
la lactase (LAC), l'aminopeptidase N (APN), la phosphatase alcaline (ALP) et la 
dipeptidylpeptidase IV (DPPIV) (LOUVARD et al., 1992; MÉNARD et BEAULIEU, 
1994; SEMENZA, 1986). De celles-ci, la SI et la LAC sont exprimées 
spécifiquement par les entérocytes (LOUVARD et al., 1992; MÉNARD et 
BEAULIEU, 1994; SEMENZA, 1986), représentant ainsi des marqueurs de choix 
de la différenciation entérocytaire (LOUVARD et al., 1992; MÉNARD et 
BEAULIEU, 1994; SEMENZA, 1986). 
2. Régulation de la différenciation de l'épithélium 
intestinal humain. 
Il ne fait aucun doute que le renouvellement de l'épithélium intestinal 
requiert, d'une part, une régulation complexe de même que précise de 
l'expression de gênes spécifiques à la prolifération et/ou à la cytodifférenciation 
des entérocytes et, de l'autre, une modulation délicate de l'adhésion et de la 
migration cellulaire (BRENNER et BOYLE, 1994; GORDON, 1989; LOUVARD et 
al., 1992; MÉNARD et BEAULIEU, 1994). D'ailleurs, il est présumé que la 
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prolifération, ainsi que l'acquisition et le maintien de la différenciation 
entérocytaire, s'effectuent sous le contrôle d'influences multiples et 
différentielles le long de l'axe crypte-villosité (BRENNER et BOYLE, 1994; 
LOUVARD et al., 1992; MÉNARD et BEAULIEU, 1994). 
Il est maintenant établi que l'expression des enzymes de la bordure en 
brosse intestinale humaine est sujette à des mécanismes complexes de 
régulation, et ce tant au niveau transcriptionnel que post-transcriptionnel 
(BRENNER et BOYLE, 1994; LOUVARD et al., 1992; MÉNARD et BEAULIEU, 
1994; SEMENZA, 1986). De ce fait, une expression différentielle de ces 
enzymes est observée le long de l'axe crypte-villosité (LOUVARD et al., 1992; 
MÉNARD et BEAULIEU, 1994). Ainsi, la LAC de même que la forme mature (i.e. 
active enzymatiquement) de la SI ne sont exprimées qu'au niveau de la villosité, 
une forme immature de la SI étant retrouvée au niveau de la crypte, tandis que 
1' APN, 1' ALP et la DPPIV sont exprimées au niveau des deux compartiments. Or, 
il a été clairement démontré que certaines hormones (comme les 
glucocorticoïdes, la thyroxine et l'insuline) et facteurs de croissance (tel le 
facteur de croissance épidermique) peuvent moduler l'expression des hydrolases 
au cours du développement de l'intestin et, ce, soit en synergie ou de façon 
différentielle selon l'enzyme étudié (KOLDOVSKI, 1981; MÉNARD, 1989; 
MÉNARD et BEAULIEU, 1994; MÉNARD et CALVERT, 1991). 
Cependant, de nombreuses études ont également identifié les interactions 
cellulaires réciproques de type epithélio-mésenchymateuses (épithélio-stromales, 
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chez l'adulte) en tant que principaux déterminants de l'établissement et du 
maintien fonctionnel de l'axe crypte-villosité (BRENNER et BOYLE, 1994; DAUCA 
et al., 1990; HAFFEN et al., 1989; KEDINGER et al., 1989; LOUVARD et al., 
1992; MÉNARD et CAL VERT, 1991; YASUGI, 1993), en plus d'agir à titre 
d'effecteur possible des influences hormonales (CUNHA et al., 1983; DAUCA et 
al., 1990; HAFFEN et al., 1989; KEDINGER et al., 1989; LOUVARD et al., 
1992). Conséquemment, un rôle crucial dans ces interactions a été suggéré pour 
la lame basale et ses constituants, étant donné a) leur localisation stratégique à 
l'interface épithélio-mésenchymateuse des organes matures ou en 
développement (ADAMS et WATT, 1993; HAFFEN et al., 1989; HAHN, 1990; 
KEDINGER et al., 1989; MC DONALD, 1989; STOKER et al., 1990; TIMPL et 
DZIADEK, 1986), et b) que leur synthèse ainsi que leur déposition résulte 
directement de la contribution des deux types cellulaires (ADAMS et WATT, 
1993; LOUVARD et al., 1992; MC DONALD, 1989; SIMON-ASSMANN et al., 
1990; TIMPL et DZIADEK, 1986). 
2.1 La lame basale: composition et récepteurs 
cellulaires. 
La lame basale est une région spécialisée de la matrice extracellulaire qui 
se trouve constituée principalement du collagène de type IV, de la laminine, du 
nidogène et du protéoglycan de type héparan sulfate (LEBLOND et INOUE, 1989; 
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PAULSSON, 1992; TIMPL, 1989). La fibronectine et la ténascine, deux 
constituants de la matrice extracellulaire interstitielle, sont également retrouvées 
à l'interface épithélio-mésenchymateuse de certains organes, incluant l'intestin 
(BEAULIEU, 1992; BEAULIEU et al. 1991 et 1993a; LEBLOND et INOUE, 1989; 
LOUVARD et al., 1992; PROBSTMEIER et al., 1990; TIMPL et DZIADEK, 1986). 
En plus d'exercer un rôle mécanique de support pour les cellules, la lame basale 
est bien connue pour son implication dans la modulation de l'adhésion, de la 
migration et de la différenciation des cellules qui y sont en contact (ADAMS et 
WATT, 1993; MC DONALD, 1989; PAULSSON, 1992; STOKER et al. 1990; 
TIMPL et DZIADEK, 1986). 
Il est maintenant établi que les influences multiples exercées par la lame 
basale sont principalement médiées, au niveau cellulaire, par des récepteurs de 
type intégrine. En effet, ces récepteurs transmembranaires sont utilisés, d'une 
part, en tant que récepteurs structuraux servant à lier la matrice extracellulaire 
au cytosquelette et, de l'autre, en tant que récepteurs dans la transmission de 
signal (HYNES, 1990; SCHWARTZ, 1992). Les intégrines représentent une 
superfamille d'hétérodimères aB, dont les membres sont regroupés en sous-
familles selon la sous-unité B qui est partagée en commun (ALBELDA, 1993; 
RUOSLAHTI, 1991 ). C'est principalement dans la sous-famille B1 que l'on 
retrouve les récepteurs typiques des constituants de la lame basale (ALBELDA, 
1993; RUOSLAHTI, 1991), c'est à dire de la laminine (a1B1 , a2B1 , a3B1 et a6B1 ), 
du collagène de type IV (a1B1, a2B1 et a3B1), du nidogène (a3B1) et de la 
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fibronectine (a4B1 et a6B1). Cependant, cette liste s'avère incomplète. En effet, 
l'intégrine a6 f?,4 a été identifiée récemment comme étant un récepteur spécifique 
de la laminine (ALBELDA, 1993; LEE et al., 1992), alors que les récepteurs de 
la ténascine et des protéoglycans de type héparan sulfate restent à être 
caractérisés (ALBELDA, 1993; RUOSLAHTI, 1991 ). 
2.1.1 La laminine. 
De tous les constituants de la lame basale identifiés jusqu'à ce jour, le 
collagène de type IV et la laminine sont considérés comme des constituants 
majeurs, étant donné qu'ils y sont retrouvés en quantités importantes. Alors que 
le rôle du collagène de type IV semble servir d'échafaud structural de la lame 
basale tout en participant à l'adhésion et la polarisation cellulaire (LEBLOND et 
INOUE, 1989; PAULSSON, 1992; TIMPL, 1989), la laminine est bien connue 
pour la diversité des activités biologiques qui lui sont propres, soit la promotion 
de l'adhésion, de la migration, de la prolifération, de la polarisation et/ou de la 
différenciation cellulaire, selon le type tissulaire étudié (BECK et al., 1990; 
ENGEL, 1992; ENGVALL, 1993; PAULSSON, 1992). Celle-ci consiste en un 
hétérotrimère cruciforme composé de deux chaînes légères de 205 et 21 5 kDa 
(B1 et B2, respectivement) ainsi que d'une chaîne lourde de 400 kDa (A), 
chacune distincte génétiquement de l'autre (BECK et al., 1990; ENGEL, 1992; 
PAULSSON, 1992). Au cours des dernières années, l'identification de chaînes 
variantes a révélé que la forme "classique" de la laminine (B1-A-B2) n'est en fait 
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qu'un membre d'une famille d'hétérotrimères structuralement apparentés (BECK 
et al., 1990; ENGEL, 1992; ENGVALL, 1993; PAULSSON, 1992). Une de ces 
sous-unités variantes, la chaîne M, est un homologue de la chaîne A qui, en 
association avec les sous-unités 81 et 82, forme l'hétérotrimère appelé mérosine. 
Or, il se trouve que l'expression ainsi que la distribution de la laminine et de la 
mérosine s'avèrent mutuellement exclusives. En effet, la plupart des lames 
basales étudiées jusqu'à maintenant contiennent soit la chaîne A ou la chaîne M, 
mais non les deux (ENGVALL, 1993). De plus, la mérosine, tout comme les 
autres formes variantes identifiées jusqu'à maintenant, ont une distribution 
beaucoup plus spécifique et restreinte que la laminine (ENGEL, 1992; ENGVALL, 
1993; PAULSSON, 1992). Une telle spécificité d'expression et de localisation 
réflèterait présumément une spécialisation de fonctions biologiques (ENGVALL, 
1993). 
2. 2 Lame basale intestinale et différenciation 
entérocytaire. 
L'établissement d'une compartimentalisation de la prolifération et de la 
différenciation cellulaire, telle qu'observée le long de l'axe crypte-villosité, a 
toujours laissé présumer l'existence d'un gradient quantitatif et/ou qualitatif de 
déposition des constituants de la lame basale. Or, tant chez les rongeurs 
(KEDINGER et al., 1989; LOUVARD et al., 1992) que chez l'homme (BEAULIEU, 
9 
1992; BEAULIEU et al., 1991 et 1994), l'analyse par immunofluorescence 
indirecte de la distribution des principaux constituants de la lame basale 
intestinale a révélé, invariablement, une déposition homogène du collagène de 
type IV, du nidogène et du protéoglycan de type héparan sulfate. Également, une 
distribution homogène de la laminine est observée le long de l'axe crypte-
villosité, lorsque celle-ci est détectée à l'aide d'anticorps polyclonaux (BEAULIEU, 
1992; BEAULIEU et al., 1991; KEDINGER et al., 1989; LOUVARD et al., 1992; 
SIMO et al., 1991 ). Ces résultats suggèrent donc que la lame basale et/ou ses 
constituants puissent jouer un rôle permissif dans la prolifération ainsi que la 
différenciation de l'épithélium intestinal, sans toutefois les gouverner. 
Cependant, plusieurs évidences argumentent en défaveur de cette 
hypothèse. Tout d'abord, des études in vitro à l'aide de cultures primaires ou de 
lignées cellulaires intestinales de rat ont révélé que des extraits reconstitués de 
lames basales, de même que la laminine purifiée, peuvent moduler la 
prolifération, la polarisation ainsi que la différenciation des entérocytes 
(CARROLL et al., 1988; HAHN et al., 1990; KEDINGER et al., 1987; SIMO et al., 
1992b). Également, il a été démontré que la médiation de l'action des 
glucocorticoïdes sur la différenciation entérocytaire s'effectue principalement par 
une augmentation de déposition de la laminine, chez les rongeurs (SIMO et al., 
1992b). Enfin, l'analyse de la distribution individuelle des sous-unités de la 
laminine chez la souris a révélé une déposition restreinte de la chaîne A au niveau 
des cryptes, à l'opposé d'une distribution homogène des chaînes B1 et B2 (SIMO 
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et al., 1991 ), démontrant une composition différentielle de la laminine le long de 
l'axe crypte-villosité. D'ailleurs, une déposition différentielle de la fibronectine et 
de la ténascine (BEAULIEU, 1992; BEAULIEU et al., 1991 et 1993a; KEDINGER 
et al., 1989; LOUVARD et al., 1992; PROBSTMEIER et al., 1990), de même que 
pour d'autres constituants qui restent à être caractérisés (BEAULIEU et al., 
1992; CLEUT JENS et al., 1989), a été rapportée. Enfin, une expression 
différentielle de certains membres de la sous-famille B1 des intégrines a été 
observée le long de l'axe crypte-villosité de l'intestin humain (BEAULIEU, 1992), 
incluant les récepteurs a2B1, a3B1 et a6B1 qui reconnaissent la laminine comme 
ligand. Par conséquent, ces observations supportent le concept d'une variation 
dans la composition de la lame basale le long de l'axe crypte-villosité, ainsi 
qu'une implication différentielle de ses constituants (principalement la laminine) 
dans la modulation de la différenciation entérocytaire humaine. Les patrons 
individuels de distribution des sous-unités de la laminine dans la muqueuse 
intestinale restent cependant à être caractérisés chez l'homme. 
3. La lignée cellulaire Caco-2: modèle d'étude de la 
différenciation entérocytaire. 
Initialement établie en 1974 par FOGH et al. (1977), la lignée cellulaire 
carcinomateuse de côlon humain Caco-2 s'est avérée, au cours des dix dernières 
années, un modèle in vitro de choix pour l'étude de la maturation cellulaire et des 
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fonctions entérocytaires (MÉNARD et BEAULIEU, 1994; ZWEIBAUM et 
CHANTRET, 1989). En effet, parmis toutes les lignées cellulaires de ce type 
établies jusqu'à maintenant, les cellules de la lignée Caco-2 sont uniques dans 
leur propriété à pouvoir amorcer spontanément une différenciation morphologique 
et fonctionnelle lorsqu'elles atteignent la confluence, en conditions standard de 
culture (i.e. en présence de glucose et de sérum) (MÉNARD et BEAULIEU, 1994; 
ZWEIBAUM et CHANTRET, 1989). Cette différenciation des cellules Caco-2 est 
un processus graduel qui se complète après 20-30 jours de culture à post-
confluence. Conséquemment, celles-ci acquièrent une morphologie polarisée et 
exhibent des niveaux d'activités enzymatiques ainsi que d'expression 
d'hydrolases intestinales fortement apparentés au phénotype de l'entérocyte 
pleinement différencié (MÉNARD et BEAULIEU, 1994; ZWEIBAUM et 
CHANTRET, 1989). Une seconde propriété d'intérêt des cellules Caco-2 consiste 
en une hétérogénéité remarquable dans leur expression des hydrolases 
intestinales (MÉNARD et BEAULIEU, 1994). En effet, l'analyse des cellules à 10-
15 jours après l'atteinte de la confluence révèle que l'expression de la SI, de la 
LAC, de I' APN et de 1' ALP s'avère hautement hétérogène entre les cellules qui 
se différencient, alors que la DPPIV se trouve exprimée par toutes les cellules 
(MÉNARD et BEAULIEU, 1994). Cette propriété d'expression hétérogène (ou 
"mosaïque") des hydrolases intestinales semble intrinsèque à la lignée cellulaire 
Caco-2, puisqu'elle persiste chez des clones de celle-ci (MÉNARD et BEAULIEU, 
1994). Cette hétérogénéité dans l'expression des enzymes de la bordure en 
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brosse fait donc de la lignée Caco-2 un modèle d'autant plus intéressant pour 
l'analyse, au niveau cellulaire, des mécanismes moléculaires responsables de 
l'acquisition de la différenciation entérocytaire. 
4. Plan expérimental de la thèse. 
Dans le but d'approfondir notre compréhension de l'implication de la 
laminine dans la modulation de la différenciation entérocytaire humaine, nous 
nous sommes engagés dans l'analyse de l'expression ainsi que des influences 
potentielles de ce constituant majeur de la lame basale intestinale, au cours du 
processus de différenciation des cellules de la lignée Caco-2. 
Dans un premier volet, nous avons tout d'abord cherché à déterminer si 
la propriété des cellules Caco-2 à exprimer les hydrolases intestinales de façon 
hétérogène représentait une manifestation concrète d'un mécanisme global de 
différenciation entérocytaire. Nous avons donc effectué une analyse comparée 
de la polarisation morphologique et de l'expression de la SI, au niveau cellulaire, 
au cours du processus graduel de la différenciation de ces cellules (Chapitre Il). 
Dans un second temps, nous avons vérifié la capacité de synthèse et de 
déposition des principaux constituants de la lame basale (en particulier la 
laminine) des cellules Caco-2, tant en mono-culture que sous l'influence de 
cellules mésenchymateuses dérivées d'intestin humain (Chapitre Ill). Ce second 
volet avait également pour but d'établir un modèle fonctionnel d'interactions 
épithélio-mésenchymateuses intestinales humaines, utile pour l'analyse de la 
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synthèse et de la déposition des constituants de la lame basale ainsi que de leur 
implication potentielle dans la maturation de la muqueuse intestinale. La suite de 
cet aspect spécifique a été l'objet des travaux de maîtrise de Mme Jasée Durand 
(Département d'anatomie et de biologie cellulaire, Faculté de médecine, 
Université de Sherbrooke). 
Dans un troisième volet, nous avons évalué l'implication potentielle de la 
laminine dans la régulation de la différenciation entérocytaire humaine. Pour ce 
faire, la distribution de la laminine ainsi que de la mérosine, le long de l'axe 
crypte-villosité ont été analysées in vivo (Chapître IV). L'expression épithéliale 
des récepteurs a6B1 et a6B4 a également été étudiée dans le but de complémenter 
notre analyse, ainsi que celle préalablement rapportée (BEAULIEU, 1992) 
concernant l'expression différentielle des récepteurs des constituants de la lame 
basale dans l'intestin adulte humain. 
Enfin, suite aux observations obtenues dans le troisième volet, nous avons 
cherché à analyser directement l'implication de la laminine dans la différenciation 
entérocytaire humaine (Chapître V). Pour ce faire, l'expression de cette molécule 
(mise en évidence dans le second volet) a été analysée, au niveau cellulaire, de 
façon comparée au processus de différenciation "mosaïque" des cellules Caco-2 
(préalablement caractérisé dans le premier volet). Ensuite, nous avons vérifié son 
influence sur l'expression des hydrolases intestinales, comparativement à la 
mérosine. 
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Transient Mosaic Patterns of Morphological 
and Functional Differentiation in the Caco-2 
Cell Line 
PIERRE H. V ACHON and JEAN-FRANÇOIS BEAULIEU 
Groupe de Recherche en Biologie du Développement, Département d'Anatomie et de Biologie Cellulaire, 
Faculté de Médecine, Université de Sherbrooke, Sherbrooke, Québec, Canada 
To gain further insight on the mosaic expression of 
specific functional intestinal markers (such as su-
crase-isomaltase) in postconfluent Caco-2 cells, a 
human colon cancer cell line unique in its property 
to differentiate in vitro into a mature enterocyte-
like cell type, a comparative study was undertak en 
to examine the morphological and functional dif-
ferentiation of Caco-2 cells at various culture 
stages. The observations clearly indicate that Caco-
2 cells can exist only in three different states in 
culture: homogeneously undifferentiated (at sub-
confluence), heterogeneously polarized and differ-
entiated (between 0 and 20 days after confluence), 
and homogeneously polarized and differentiated 
(after 30 days). Indeed, in the intermediate state, a 
strong discrepancy is found among adjacent differ-
entiating cells throughout the monolayer relative to 
sucrase-isomaltase expression as well as to cell 
morphology and brush border organization. Back-
scattered electron imaging analysis showed a lack 
of correlation between these parameters at the cel-
lular level. These observations indicate that mor-
phological and functional differentiations of Caco-2 
cells progress concomitantly according to a tran-
sient mosaic pattern, thus providing evidence that 
these two processes are not coupled. 
H uman colon carcinoma cell lines provide inter-esting tools for the study of intestinal epithelial 
cell polarization, diffe rentiation, and dedifferentia-
tion. Among the several cell lines of this type estab-
lished so far, the cell line Caco-2 has proven to be one 
of the most useful in vitro models for such studies.1 •2 
Indeed, although cancerous in origin, Caco-2 cells 
are unique in their ability to initiate spontaneous 
differentiation on reaching confluence under nor-
mal culture conditions (i.e., in the presence of glu-
cose and serum). Consequently, over a period of 20-
30 days of postconfluent culture, these cells 
gradually show a morphological polarity and levels 
of brush border hydrolases that are both comparable 
with those of mature intestinal absorptive cells.1 - 4 As 
such, Caco-2 cells have been widely used in studies 
of intestinal epithelial permeability5 •6 and func-
tions7-10 as well as a model to study biosynthesis, ex-
pression, and regulation of human intestinal brush 
border enzymes.4 •11- 15 
Among the known brush border-associated hy-
drolases, sucrase-isomaltase (SI) is the best charac-
terized marker for the functional differentiation of 
intestinal epithelial absorptive cells (for recent re-
views, see references 17 and 18). In Caco-2 cells, bio-
synthesis of any form of SI is absent from subcon-
fluent (undifferentiated) cultures. Its activity, which 
becomes detectable only after confluence, increases 
gradually until 15-20 days of postconfluent culture 
and then remains relatively stable. 3•12 Immunoreac-
tive SI levels parallel those of the appearance of en-
zymic activity.11 ·19 It is noteworthy that the Caco-2 
cell line is the only one identified so far that ex-
presses SI under standard culture conditions.2•20 In-
terestingly, studies at the cellular level have shown 
that the expression of SI, as well for lactase and 
aminopeptidase N, is highly heterogeneous among 
differentiating Caco-2 cells. 3•4 •11•12•14•19 However, this 
phenomenon of mosaic expression of brush border 
enzymes has not been investigated further , nor has it 
been viewed in the general context of epithelial cell 
morphological and functional differentiation. There-
fore , the question whether the appearance of SI re-
flects solely individual differentiation-related gene 
expression or rather is a manifestation of an overall 
enterocytic differentiation process remains open. 
As a first step to answer this question, we under-
took a comparative morphological, ultrastructural, 
and immunocytochemical analysis of Caco-2 cell en-
terocytic differentiation at various culture stages. Ev-
idence shows that bath morphological and func-
tional differentiation of Caco-2 cells progress 
according to a transient mosaic pattern but, also, that 
the two processes are uncoupled at the cellular level. 





The cell line Caco-2/15 was a from Dr. A. Quar-
oni (Cornell University, Ithaca, This clone of the 
parent Caco-2 cell line [HTB 37; American Type Culture 
Collection, has been characterized else-
where.19 Cells were cultured in plastic dishes as described 
previously.13•19 cells were used between pas-
sages 53 and 78. Studies were performed on cultures at 
subconfluence (50%-70% confluence, and be-
tween 5 and 40 postconfluence. In some experiments, 
subclones of the Caco-2/15 cell line ·vvere used. These 
clones were obtained the cloning cylinder technique21 
from Caco-2/15 cells at passage 55 and were used at pas-
sage 2 after cloning. 
Electron 
The preparation of samples for rnorphological and 
ultrastructural studies was based on the procedure de-
scribed by Boyde et al.22 Briefly, cultures were prefixed in 
situ for 15 minutes at 23°C with a mixture of complete 
medium to which 2.8% glutaraldehyde in 0.2 mol/L so-
dium cacodylate (pH 7.2) was added in a 1:1 ratio (vol/vol), 
then fixed for 45 minutes (23°C) in 2.8% glutaraldehyde in 
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0.1 mol/L sodium cacodylate (pH 7.2), and postfixed for 60 
minutes (23°C) in 2% osmium tetroxide. For each culture D 
stage studied, two 1-cm2 samples were eut from the Petri 
dishes and dehydrated in graded series of ethanol (40%-
100%). 
For scanning electron microscopy (SEM), one of the two 
samples was processed for critical point drying, gold-
coated, and analyzed at 15 kV with a Cambridge Stereo-
scan 120 scanning electron microscope (Cambridge, En-
gland). For light and transmission electron microscopy 
[TEM), the second sample was embedded in epoxy (LX-112 
resin from Ladd, Burlington, VT), then eut into small 
pieces that were re-embedded to perform transverse sec-
tions of the monolayer. One-micrometer-thick sections 
were examined after staining with a mixture of 1 % methy-
lene blue, 1 % azure Il, and 1 % borax. For TEM, ultrathin 
sections were stained with uranyl acetate followed by lead 
citrate and analyzed at 60 kV with a Philips EM300 trans-
mission electron microscope (Philips, Eindhoven, The 
Netherlands). 
Enzyme Assays 
Sucrase specific activity from cell homogenates 
was determined by the method of ]\,fosser and Dahlqvist.23 
Proteins ·were measured according to Lowry et aL24 Results 
were reported as mean ± SEM. 
1mmunof1uorescence 
cultures for 
was performed according lo 25 Sections, 4 [clm, 
were spread on gelatin-coated glass slides.26 Detection of SI 
vvas performed as described 27 As primary anti-
we used a mixture of the monoclonal antibodies HSI 
Figu1re 1. Ugh~ micrngraphs of epoxy-emhedldled Cm::o-2/15 cell 
Sections of 1 µm are showTI! afte~· sh1ining wilh 
methylene blue/anue H/brnrax. Proœssed cultures are at sub-
coil1lfluence (A), at ·rwniflmmœ [B), merl at 5 (C), ·rn (D), 2(] (E}, and! 
3!! days (Fj of Nllte that morphoi!lgical diffennn-
tiafoin is achieved uml!en· a lmnsienî heternge111e1ms 
fHllHei:n [bmr = 25 µm). 
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figm:e 2, Electrnn micrographs of Caco-2/15 œH monolayers undergoing structural polarization, Cultures after 1 (A), lll (B}, and 30 
(C) of postconfluem:e wern fixed in gh1ï:araklehyde and osmium tetroxyde before epoxy-embm:lding. Ultrnthin sections were 
stained with uranyl acetate followed hy lead citrate. Caco-2 ceH Îlnish border gradnally develops as number and length of micrnvilli 
i:m:;rease. Note the variahiHty in the brush border organization between adjacent œlls in (B). Arrnwheads denote the grnwth surface 
(bars = 5 µm). 
14 (specific to isomaltase subunit) and HSI 9 (specific to 
sucra.se subunit) directed to human SI complex,13•14 diluted 
1:100 in phosphate-buffered saline (PBS) containing 2% 
bovine serum albumin (BSA). A fluorescein-conjugated 
goat anti-mouse imrnunoglobulin G (IgG) (Boehringer 
Mannheim Canada, Laval, Québec) was used as secondary 
antibody, at a working dilution of 1:25. In situ indirect im-
munofluorescence was performed on cultures as above ex-
cept that cells were grown and processed on 13-mm diame-
ter caver glasses. 14 In all cases, no fluorescent sta.ining was 
observed when primary antibodies were omitted. 
Evaluation of the proportion of SI-immunoreactive cells 
was performed on cryosections processed as above and 
viewed under filtered light conditions that allow detection 
of both immunofluorescence and nuclei. For each culture 
stage studied, a minimum of 300 cells were counted. The 
SI labeling index was expressed as the percentage of SI-po-
sitive cells over the total number of cells (nuclei) counted. 
Electron 
SI expression at the bmsh border of 
cells was also analyzed backscattered elec-
tron imaging. Postconfluent cultures grown on 
caver glasses were prefixed in situ for 15 minutes and 
fixed for 30 minutes as for electron microscopy with 3% 
paraformaldehyde 0.25% glutaraldehyde 0.02% picric acid 
in 0.1 mol/L sodium cacodylate (pH 7.2). 28 After rinsing, 
remaining aldehyde groups were quenched by incubation 
in 100 mmol/L glycine-PBS (pH 7.4) for 30 minutes (23°C). 
Cover glasses were washed in PBS and blocked in 2% BSA-
PBS (23°C). For labeling, caver glasses were incubated 
with the HSI 14/HSI 9 mixture for 30 minutes, washed in 
PBS, and then incubated 30 minutes with a 30-nm colloï-
dal gold-conjugated goat anti-mouse IgG (EM.GAM 30; 
BioCell, Cardiff, England) diluted 1:15 in 2% BSA-PBS. 
After further washing, labeled monolayers were fixed in 
2.8% glutaraldehyde in 0.1 mol/L sodium cacodylate (pH 
7.2) for 30 minutes (23°C), processed for critical 
point and carbon-coated. was 
at 10 kV with a Jeol scanning electron micro-
scope IVl:A) equipped wHh an annular-type 
semiconductor element backsca.ttered electron detector. 
Gold partîcles were not observed at the apical surface of 
pr1Jc13ssed monolayers wher: antibodies were ei-
ther omitted or rep!aced an unrelevant 
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Figure 3. Scanning electron 
micrographs of polarizing 
Caco-2/15 cell monolayers. 
The apical surfaces of cells 
were analyzed at subcon-
fluence (A) and confluence 
(B) and after 5 (C), 10 (D), 
20 (E), and 30 days (F) of 
postconfluence. Monolayers 
were fixed with glutaralde-
hyde and osmium tetroxyde, 
then gold-coated. (G) Higher 
magnification of F showing 
the brush border of a fully 
polarized cell. The heteroge-
neous appearance of the 
brush border is transiently 
observed (C-E) until the 
structural polarization pro-
cess is completed (F). (A-F: 
bar = 15 µm; G: bar = 0.5 
µm). 
Results 
Morphological Aspects of Caco-2 Cell 
Differentiation 
In vitro morphological differentiation of Caco-
2/15 cells appears as a gradual process spontane-
ously initiated after reaching confluence. After 30 
days of postconfluent culture, this process is fully 
completed. As shown by light microscopie examina-
tion of epoxy-embedded cultures (Figure 1), actively 
growing (subconfluent) cells are well spread over the 
substrate and have protruding nuclei (Figure lA). At 
confluence, small dames begin to appear (not 
shown). Although tight junctions are observed (Fig-
ure 2A), cells have rounded apical surfaces and nu-
clei are still predominant (Figure lB). From 5 to 20 
days postconfluence, a gradual reduction of the sur-
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face occupied by each cellas well as the formation of 
more intimate intercellular junctions are noted. 
Moreover, the cell shape becomes cuboidal and then 
cylindrical (Figure lB-E). After 30 days, the cell sur-
face has reached a minimum and cells have a typical 
enterocyte-like morphology (Figure lF). 
TEM and SEM ultrastructural analysis showed 
that, overall, the gradual development of a typical 
brush border proceeds concomitantly with the other 
morphological changes observed (Figures 2 and 3). 
At subconfluence, undifferentiated cells have only 
small and sparsely distributed microvilli at their api-
cal surface (Figure 3A). Beginning at confluence, the 
brush border develops progressively. Newly con-
fluent cells thus far have short and irregular micro-
villi (Figures 2A and 3B). Between 5 and 20 days of 
postconfluence, the length and density of microvilli 
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Figure 4. Sucrase activity from homogenates of Caco-2/15 cells 
at various stages of culture was measured by the method of 
Messer and Dahlqvist.23 Results are from three separate experi-
ments and are expressed as the mean ± SEM of pooled culture 
stages (n 2': 5), as illustrated. SC, subconfluence. 
increase (Figure 3C-E) but they still appear poorly 
organized (Figure 2B). When complete structural po-
larization is achieved (30 days), most of the cells 
have a fully developed brush border (Figure 3F) with 
tall and regular microvilli uniformly distributed in a 
ruglike organized fashion (Figures 2C and 3F-G). 
Heterogeneity in Caco-2 Cell Polarization 
The morphological and ultrastructural charac-
terizations of Caco-2/15 cells show significant heter-
ogeneity throughout the monolayer. Indeed, be-
tween confluence and 20 days of postconfluence, 
light microscopie examination of epoxy-embedded 
monolayer shows well-polarized cells neighboring 
less polarized ones (Figure lB-D). Moreover, a high 
degree of cellular heterogeneity is noted during pro-
gression of brush border development. Thus, al-
though every cell displays intimate apical intercel-
lular junctions, the apical cell surface organization 
(number and length of microvilli) is quite variable 
between adjacent cells (Figures 2A-B and 3B-D). As 
the process advances towards completion, the hetero-
geneity in cellular morphology and brush border or-
ganization decreases. After completion (after 30 days 
postconfluence), all cells have typical enterocyte-
like features (Figures lF, 2C, and 3F). 
Heterogeneous Expression of SI 
The functional differentiation process of 
Caco-2/15 cells was monitored at the cellular level 
by indirect immunofluorescence staining for detec-
tion of SI. For comparison, time course of appearance 
of sucrase-specific activity was also determined in 
crude cell homogenates (Figure 4). It is noteworthy 
that sucrase activities from Caco-2/ 15 brush 
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border-enriched fractions are much higher19 and 
match those reported by other investigators for the 
parental Caco-2 cells.3·7 As expected from these bio-
chemical data, immunoreactive SI is not detected in 
subconfluent o ewly confluent cultures (Figure 5A 
and B) but appears around 5 days of postconfluence 
(Figure 5C). From this culture stage and omvards, the 
overall SI labeling index and staining intensity gradu-
ally increase (Figures 5C-E and 6) . However. as also 
shown in Figure 7, staining of the cells at 5-20 days is 
highly heterogeneous because positive cells display-
ing variable intensities are typically present as small 
patches into the monolayer. Similar observations 
were obtained from experiments involving immuno-
detection of SI on subclones of the Caco-2/15 cells 
(clones Caco-2/15/1 to /10) tested after 15 days of 
culture at postconfluence (not illustrated). Heteroge-
neity is no longer observed in older postconfluent 
cultures (~30 days) , because most of the cells (91 %) 
have their apical surface stained for SI (Figures 5F 
and 6) . This stresses the fact that the mosaic pattern 
of SI expression in Caco-2 cells is a transient phenom-
enon. 
Backscattered Electron Imaging Analysis 
of SI Expression 
The relationship between the heterogeneity 
in morphological differentiation and the mosaic pat-
tern of SI expression was evaluated by backscattered 
electron imaging analysis in Caco-2/15 cells at mid-
stage of the culture period (12-day postconfluence). 
This approach allows simultaneous visualization of 
the brush border ultrastructure and of immunogold-
labeled SI (Figure B). Immunoreactive SI detected at 
the apical cell surface appears qui te disparate among 
the various cells of the monolayer. Indeed, cells are 
found either unlabeled or labeled at various intensi-
ties (Figure BB and D) in a pattern comparable, if not 
identical, with that observed with in situ indirect 
immunofluorescence (see Figure 7). On the other 
hand, brush border organization is highly heteroge-
neous from cell to cell (Figure BA, C, and E). Coana-
lysis of the SI labeling with the ultrastructural brush 
border appearance shows that the ability of the 
Caco-2 cell to express SI is not related to its level of 
brush border organization. Although cells with a 
well-organized brush border are found to express SI 
and others with a poorly organized apical membrane 
are negative, man y expressing cells are those consid-
ered as poorly differentiated by morphological crite-
ria whereas cells with a true brush border are nega-
tive for SI (Figure BA-D). It is noteworthy that cells 
expressing the "flower pattern" of brush border orga-
nization3 are found either positive (Figure BD) or neg-
ative for SI (Figure BB). 
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Discussion 
Previous studies have shown Caco-2 cell 
enterocytic differentiation is a gradual process that 
takes place spontaneously after confluence in cul-
ture.3·5·7·15·29 The observations presented in the 
current report are in agreement these 
and therefore that Caco-2/15 have re-
tained the fondamental characteristics of the parent 
cell line Caco-2. 19 lndeed, in cells, both 
morphological and functional differentiation pro-
cesses start after reaching confluence and proceed 
until 30 of postconfluence, a point at which vir-
all cells have enterocyte~lilce features. 
Although an heterogeneous expression some of 
the brush enzymes was previously reported 
in postconfluent Caco-2 cells,M·11•14•25 this phenome-
non remained poorly characterized. In the present 
we have shown that the mosaic expression of 
SI in Caco-2/15 cells appears as a gradual but only 
transient process. Immunodetection of SI in differen-
tiating cells clearly indicates that the SI labeling in-
which is low (30%) at 5 days of postconfluent 
culture, increases gradually to reach a maximum 
(91 %) around 30 days. During this process, heavily 
cells that were adjacent to negative ones in 
the monolayer were frequently observed. 
Similarly, we observed that Caco-2/15 cells un·-
dergo morphological differentiation in a transient 
heterogeneous manner. Indeed, from confluence to 
20 days after confluence, a strong discrepancy in cel-
lular rnorphology and ultrastructural brush border 
organization was recorded among adjacent cells. At 
later stages (30+ days), heterogeneity in the mono-
layer was no longer detected as most cells displayed 
typical enterocytic polarized features. Thus, Caco-2 
cells have three distinctive states in culture: homoge-
neously undifferentiated (at subconfluence), hetero-
geneously differentiated (0-20 days postconfluence), 
and homogeneously polarized and differentiated 
(30+ days). Together, the data provide clear evidence 
that Caco-2 cells undergo their morphological and 
functional differentiation according to a transient 
mosaic pattern. Because of the extensive usage of 
this cell line at intermediate postconfluent stages 
(10-20 as for differentiated enterocytic 
figure 5. Kmli.red immmuifüwrnsœm::e mic:rngraphs of trnns-
v,2rse cryosecfüms of Cf!co-2/15 cells at sllbconf!ue11ce (A) and 
confluence (B) andl af!er 5 IC), 1!J (D), 20 (E), and 30 days (F) of 
posic1mfluenœ, stained for êhe de!ecfüm of S-1 with ihe HSTI 9/ 
HSE 14 mixlrnre ainld a goal anti-
mouse lgG No'le lhe trnnsi1:mt heterogemmus ,;;xprns-
sion of lhe ;mtigen betweim onse! of eJrrlernicylic tllffernntiation 
(B) and ils completion (FJ (bm0 = 25 
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functions, 1 •2•6·7•10•20•29 our findings suggest some cau-
tion in the interpretation of data pertaining to the 
acquirement of polarized/ differentiated features by 
these cells. Indeed, it seems that an increase in the 
expression of a cell differentiation marker with cul-
ture time may result predominantly from an expan-
sion in the proportion of expressing cells, instead of a 
gradual accumulation by each of them. Finally, 
Caco-2 cells should be considered truly differen-
tiated only when at late postconfluent stages (i.e., 
25+ days), because it is at this culture time that they 
are homogeneously polarized and functional in a 
similar fashion to in vivo human enterocytes.30 
The biological significance of the transient mosaic-
ism in Caco-2 cell differentiation clearly needs fur-
ther investigation. At the present time, such phenom-
enon does not seem to result from coculture of 
different cell types. Indeed, the Caco-2/15 cell line 
used in the present study is a well established and 
stable clone of the parent cell line Caco-2.19 More-
over, we have recloned the cell line and analyzed the 
subclones for SI expression. We found similar hetero-
geneity in all the 10 clones obtained. In addition, we 
tested the hypothesis that the mosaicism arises from 
the fact that subconfluent cells located at the center 
of growing colonies undertake enterocytic differen-
tiation before confluence is reached. However, plat-
ing cells at high densities so that confluence is 
reached in <24 hours did not result in a more homo-
geneous pattern of differentiation (data not shown). 
Finally, the possibility that the mosaicism in Caco-2 
cell differentiation could simply reflect the pluripo-
tency of this cell line seems unlikely. For instance, 
100 
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Figure 6. SI expression during the differentiation of Caco-2/15 
cells. Estimation of the proportion of SI-immunoreactive cells 
was performed on cryosections stained with the HSI 9/HSI 14 
monoclonal antibody mixture and a fluorescein-conjugated goal 
anti-mouse IgG antibody, then viewed under filtered light condi-
tions that allowed the detection of both apical immunofluores-
cence and nuclei. A minimum of 300 cells was counted al each 
stage. 
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Figure 7. In situ indirect immunofluorescence micrograph of a 
15-day postconfluent Caco-2/15 cell monolayer, stained for the 
detection of SI with the HSI 9/HSI 14 antibody mixture and a 
fluorescein-conjugated goal anti-mouse IgG antibody. The mo-
saic pattern of expression of the enterocytic differentiation 
marker is evident at this stage (bar = 50 µm). 
cellular heterogeneity and/or mosaic expression of 
brush border enzymes has been shown in other co-
lon carcinoma cell lines. namely HT-29, HT-29 
clones. and HRA-1931- 33 among others, as well in 
some human colorectal tumors.14•34- 35 In contrast to 
these, heterogeneity in Caco-2 cell monolayers is 
only found as a transitory phenomenon. Moreover, 
Caco-2 cell differentiation appears to be restricted 
only to the intestinal absorptive cell type (references 
1-3, and 19 and present data). 
It is now recognized that generation of morphologi-
cal polarity plays an active role in establishing the 
differentiated epithelial phenotype and, therefore. in 
the modulation of differentiation-related genes. 37- 39 
However, Caco-2 cell functional differentiation does 
not seem to be coupled to a structural polarization 
phenomenon such as brush border organization, 
although both processes are simultaneous and tran-
siently mosaic in fashion. Indeed, analysis of differ-
August 1992 
Figure 8. (A, C, and E) Scan-
ning electron micrographs 
and (B and Dl corresponding 
backscattered electron imag-
ing micrographs of 12-day 
postconfluentCaco-2/15mono-
layer after colloidal gold im-
munolabeling with the HSI 
9/HSI 14 antibody mixture 
for the detection of SI. In B, 
D, and F, the perimeter of 
each cell is shown by dotted 
lines. In these representative 
micrographs, cells at the left 
in A, B, C, and D show rela-
tively well-developed brush 
border (A and B, "flower" 
pattern; C and D, standard 
pattern) but are both nega-
tive for SI. At the opposite, 
immunogold particles can be 
seen at the level ofpoorly or-
ganized apical cell surfaces 
(B, upper and lower right) 
and of immature brush bord-
ers (D, right; flower pattern). 
(E and F) Same as A and B 
and C and D, except the pri-
mary antibody mixture was 
omitted. In this later case, no 
labeling of microvilli was 
observed in either well dif-
ferentiated (upper and lower 
right) or poorly differenti-
ated (left) cells (bar = 5 µm). 
entiating Caco-2/15 monolayers colloïdal gold-im-
munolabeled for SI showed for the first time that 
bath well-polarized cells and their less polarized 
neighbors can be either positive or negative for the 
enterocytic differentiation marker. Thus, because 
Caco-2 cell heterogeneity is observed at the level of a 
single functional gene product (such as SI) and at the 
level of brush border organization (which depends 
on multiple gene products), the lack of correlation 
between the two indicates that the mechanism of 
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cellular heterogeneity is probably not related to cell 
differentiation per se. Rather, the phenomenon ap-
parently represents an uncoupled expression of spe-
cific sets of genes. 
Such uncoupling, and the mosaicism itself, raise 
the possibility of interactions, at the cellular level, of 
modulating factors that are present in the culture 
medium and/or secreted by the cells. Growth-pro-
moting factors are well known to play important 
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carcinoma cell lines have been shown to release sig-
nificant amounts of transforming growth factor a, 
epidermal growth factor, and transforming growth 
factor~ (among others) in the culture medium and to 
express the corresponding receptors. 19·40·41 Modula-
tion of Caco-2 cell polarization and differentiation by 
such factors is therefore likely. In vitro competition 
at the cellular level between co- and/or counter-mo-
dulators may generate ill-coordinated or uncoupled 
signals.37·42 For Caco-2 cells, the end result could be 
the emergence of simultaneous and uncoupled tran-
sient mosaic patterns of morphological and func-
tional differentiation as described in the current 
report. The lack of an adequately deposited extracel-
lular matrix by Caco-2 cells in culture43 should also 
be contributive to the phenomenon, because these 
macromolecules are well known to participa te in the 
regulation of cell proliferation, polarization, and dif-
ferentiation (for recent reviews, see references 44 
and 45). Interestingly, studies of intestinal epithelial 
cytodifferentiation with chimeric and transgenic ro-
dents have shown the emergence of mosaic patterns 
in the expression of specific gene markers, along the 
crypt-villus axis. It was indeed postulated that this in 
vivo mosaicism could reflect the differential influ-
ences of factors involved in the establishment and 
maintenance of the enterocytic phenotype.46 For ex-
ample, the in vivo mosaic pattern of lactase expres-
sion reported in a subgroup of adult-type hypolacta-
sia47 could represent an instance when coordination 
between such influences is somehow disturbed or 
impaired. 
In conclusion, the exact nature and significance of 
the uncoupled mosaicism in Caco-2 cell ultrastruc-
tural and functional differentiation remain unclear. 
Better understanding of this property could provide 
critical insights on the cellular and molecular regula-
tors that instruct epithelial cells to activate specific 
sets of genes. In this respect, the human enterocyte-
like cell line Caco-2 represents a promising model 
that should allow the study, at the cellular level, of 
those mechanisms susceptible to influence cytodif-
ferentiation. 
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ABSTRACT We have developed a co-culture system suited for the study 
of epithelial-mesenchymal interactions in the human fetal small intestine. 
As the epithelial component ofthis model, we used the human intestinal cell 
line Caco-2 that is unique in its property to differentiate in vitro into a 
mature fetal enterocyte-like cell type. A sheet of human intestinal mesen-
chymal cells, which we derived from an 18-week-old fetus, was used as 
mesenchymal element. Expression and distribution of cell-sp~cific markers 
(cytokeratin 18 and dipeptidyl peptidase IV), major basement membrane 
components, and fH integrins were analyzed. In 14-day co-cultures, Caco-2 
cells formed a cytokeratin 18-positive epithelial-like sheet covering the vi-
mentin-positive HIM cell layers. As assessed by brush border dipeptidyl 
peptidase IV expression, co-cultured Caco-2 cells achieved cytodifferenti-
ation as when cultured on plastic. A complete deposition of all known ma-
jor human fetal intestinal basement membrane components occurred at the 
Caco-2/HIM interface. Type IV collagen and tenascin were produced from 
the mesenchymal compartment, whereas laminin and fibronectin were con-
tributed by both cell types. Interestingly, synthesis and deposition ofbase-
ment membrane heparan sulfate proteoglycan were exclusively observed 
in co-cultures, suggesting modulation of epithelial expression of this mole-
cule by HIM cells. Finally, we observed that epithelial integrin-fH chains 
redistributed at the basal domain of co-cultured Caco-2 cells. Ta.ken to-
gether, these observations indicate that the Caco-2/HIM co-culture model is 
a valuable system to study in vitro human basement membrane formation 
in the context of intestinal epithelial-mesenchymal interactions. 
© 1993 Wùey-Liss, Inc. 
Key words: Extracellular matrix, Integrins, Fibroblasts, Caco-2 cells 
INTRODUCTION 
Epithelial-mesenchymal interactions are known to 
play important roles in the develppment of the verte-
brate gut endoderm (Haffen et al., 1989; Dauca et al., 
1990; Mizuno and Yasugi, 1990) as well as in several 
other developing organs (~anders, 1988; Ekblom, 1989; 
Mizuno and Y asugi, 1990). Because of its critical posi-
tion at the epithelial-mesenchymal interface, the ex-
tracellular matrix, and in particular the basement 
membrane, has been postulated to participate in these 
complex interactions (Timpl and Dziadek, 1986; Bissell 
and Barcellos-Hoff, 1987; McDonald, 1989). Basement 
membranes are predominantly composed of type IV col-
lagen (C-IV), laminin (Ln), nidogen/entactin, and 
heparan sulfate proteoglycan CHSPG) (Timpl and Dzia-
dek, 1986). Fibronectin (Fn) and tenascin (Tu), two ex-
tracellular matrix components, are also found at the 
epithelial-mesenchymal interface of some tissues, in-
cluding the gut (Timpl and Dziadek, 1986; Aufderheide 
and Ekblom, 1988; Probstmeier et al., 1990; Beaulieu 
et al., 1991; Jutras and Beaulieu, 1992). In vitro stud-
ies with rodent primary cell cultures and cell lines 
9 1993 WILEY-LISS. INC. 
have suggested a direct role for these molecules in in-
testinal cell adhesion, proliferation, and differentiation 
(Kedinger et al., 1987b; Carroll et al., 1988; Hahn et 
al., 1990). In vivo compositional changes in extracellu-
lar matrix reported during morphogenesis of chick, ro-
dent, and human small intestine (Simon-Assmann et 
al., 1986; Aufderheide and Ekblom, 1988; Senior et al., 
1988; Probstmeier et al., 1990; Beaulieu et al., 1991; 
Simo et al., 1991; Beaulieu et al., 1992; Jutras and 
Beaulieu, 1992) emphasized their possible involvement 
in tissue interactions. Conversely, experiments with 
chick/rodent tissue recombinations, as well as with pri-
mary cell cultures and cell lines, have shown that syn-
thesis of intestinal basement membrane components 
are contributed by both epithelial and mesenchymal 
Received July 10, 1992; accepte<:! .\"ovember 17, 1992. 
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cell populations (Haffen et al., 1989; Dauca et al., 
1990). Indeed, HSPG molecules are produced and de-
posited by the epithelial cells (Simon-Assmann et al., 
1989) while C-IV is synthesized by the mesenchymal 
ones (Simon-Assmann et al., 1990a; Weiser et al., 1990) 
and Ln is produced by both cell types (Senior et al., 
1988; Weiser et al., 1990; Simo et al., 1991 L Cellular 
Fn present at the epithelial-stromal interface may be 
contributed by epithelial and mesenchymal cells 
(Quaroni et al., 1978; Laurie et al., 1982), whereas Tn 
is produced by the mesenchyme (Aufderheide and Ek-
blom, 1988; Probstmeier et al., 1990: Jutras and Beau-
lieu, 1992). These observations, coupled with the find-
ing that the presence of both cell populations seems 
necessary for normal deposition and elaboration of in-
testinal basement membranes (Simon-Assmann et al., 
1990b), support a fonction for extracellular matrix 
molecules as potential signais for interactions between 
epithelial and mesenchymal compartments (Bissell 
and Barcellos-Hoff, 1987; McDonald, 1989; Simon-Ass-
mann et al., 1990b). Although the exact mechanisms 
involved remain uncertain, such signals could be me-
diated at the cellular level by specific cell receptors 
such as the integrins (Humphries, 1990; Ruoslahti, 
1991). Integrins are af3 heterodimeric transmembrane 
proteins divided into several subfamilies, based on the 
sharing of a common f3 chain. It is in the VLA ("Very 
Late Antigen") subfamily, to which the f31 chain is as-
sociated with one of at least seven a subunits, that the 
typical receptors for extracellular matrix molecules are 
found (Humphries, 1990; Ruoslahti, 1991). At the 
present time, integrins are known to be involved in a 
number of cellular processes, namely migration, prolif-
eration and differentiation (Albelda and Buck, 1990; 
Hemler, 1990). Their potential role in epithelial-mes-
enchymal interactions remains, however, to be estab-
lished. 
To gain further insight on the process of deposition of 
basement membrane components and its relationship 
with the expression of f31 integrins by human gut epi-
thelium, we have developed a co-culture system suited 
for the in vitro study of epithelial-mesenchymal inter-
actions in the human fetal small intestine. As the ep-
ithelial element, we used the intestinal cell line Caco-2 
that is unique in its property to gradually differentiate 
in vitro into a mature enterocyte-like cell type (Pinto et 
al., 1983; Beaulieu et al., 1989; Beaulieu and Quaroni, 
1991; Vachon and Beaulieu, 1992). Indeed, it is note-
worthy that no established "normal" human intestinal 
epithelial cell line is available at the present time 
(Kedinger et al., 1987a) while limited access to human 
fetal tissues at early stages makes large scale primary 
culture of intestinal endoderm impossible. Moreover, 
the benefit of using the Caco-2 cell line as the epithelial 
component to study epithelial-mesenchymal interac-
tions was recently demonstrated by means of Caco-2 
cell/skin fibroblast co-culture (Bouziges et al., 1991). 
However, in contrast to the latter, the mesenchymal 
element in the present co-culture system was provided 
by human intestinal mesenchymal (HIM) cells, derived 
from an 18-week-old fetus . The rationale for using a 
homologous mesenchymal element for co-culture was 
mainly based on the fact that intestinal fibroblasts ex-
ert inductive properties on endoderm that are not car-
ried by fibroblasts from other origins such as those ob-
tained from the skin (Haffen et al., 1989; Dauca et al., 
1990; ~lizuno and Yasugi, 1990). 
In the present work, we have characterized the Caco-
2/HIM co-culture system by analyzing the expression of 
cell-specific markers (cytokeratin 18 and dipeptidyl 
peptidase IV), major basement membrane components, 
and f31 chain integrins in comparison with their normal 
counterpart (i.e., the 18-20-week-old human fetal small 
intestine). First, we show that Caco-2 and HIM cells 
retain their respective cell characteristics in co-cul-
tures. Second, we demonstrate that a complete deposi-
tion of all known major intestinal basement membrane 
components occurs at the epithelial-mesenchymal in-
terface of co-cultures, including synthesis and deposi-
tion of HSPG. Finally, we show that expression of ep-
ithelial f31 integrins undergoes re-distribution in a 
polar fashion at the base of co-cultured Caco-2 cells. 
MATERIALS AND METHODS 
'· Cel/ Culture 
The human colon carcinoma cell line Caco-2/15 was a 
gift from Dr. A. Quaroni (Cornell University, Ithaca, 
NY). This clone of the parent Caco-2 cell line (HBT 37; 
ATTC, Rockville, MD) has been characterized else-
where (Beaulieu and Quaroni, 1991; Vachon and Beau-
lieu, 1992) and culture conditions have been defined 
previously (Beaulieu et al., 1989). Cells were used be-
tween passages 53 and 70. 
Human intestinal mesenchymal (HIM) cells were de-
rived from an 18-week-old (post-fertilization) fetal 
small intestine in accordance with the requirements of 
the institutional review committee for the use of hu-
man material. To obtain primary cultures ofHIM cells, 
small explants ofjejunums (1 x 1 mm3 ) were subject to 
partial trypsin di~estion (0.5% trypsin-0.54 mM 
EDTA in Ca2 + -M~+ free phosphate buffered saline 
[PBS], 2 x 10 min at 23°C). Remaining fragments were 
then harYested and incubated at 37°C in an atmo- - _ 
sphere of 95% air and 5% C02 for 12 h in 100 mm 
Falcon plastic petri dishes (10 fragments/dish) with 1 
ml of Dulbecco's modified Eagle's medium (Gibco Can-
ada, Burlington, Ont.) supplemented with 10% fetal 
bovine serum (FBS; Gibco), 50 U/ml penicillin, 50 
µ.g/ml streptomycin, and 4 mM glutamine. Then, 10 ml 
of the sa.me medium was added and the explants were 
incubated for an additional 48 h period. Under these 
conditions, only fibroblast-like cells were seen to out-
grow from the fragments. Thereafter, the explants 
were removed with sterilized fine forceps, the medium 
was renewed, and the fibroblasts were grown for a fur-
ther 2-3 days in order to reach 60-70% confluence. 
Subcultures were then performed after trypsinization 
(0.5% trypsin-0.54 mM EDTA in PBS, 5 min at 23°C). 
Cell populations were rapidly expanded and then kept 
frozen at passage 2 in liquid nitrogen for subsequent 
use. In the present study, HIM cells were used at pas-
sage 4 and 5. 
For co-cultures, Caco-2/15 cells were seeded at high 
density (1 x 107 cells) on 2-day post-confluence HIM 
cells. For control experiments, Caco-2/15 cells and HIM 
cells were each cultivated separately. Mono- or co-cul-
tures were incubated over a period of 14 days by re-
newing the medium every 2 days. ln all cases, culture 
medium and conditions were the same as described 
568 P.H. \'..\CHO~ ET . .\L. 
cell populations (Haffen et al., 1989; Dauca et al., 
1990). Indeed, HSPG molecules are produced and de-
posited by the epithelial cells (Simon-Assmann et al., 
1989) while C-IV is synthesized by the mesenchymal 
ones (Simon-Assmann et al. , 1990a; Weiser et al. , 1990) 
and Ln is produced by both cell types (Senior et al. , 
1988; Weiser et al. , 1990; Simo et al., 1991 l. Cellular 
Fn present at the epithelial-stromal interface may be 
contributed by epithelial and mesenchymal cells 
(Quaroni et al., 1978; Laurie et al. , 1982), whereas Tn 
is produced by the mesenchyme (Aufderheide and Ek-
blom, 1988; Probstmeier et al., 1990; Jutras and Beau" 
lieu, 1992). These observations, coupled with the find-
ing that the presence of both cell populations seems 
necessary for normal deposition and elaboration of inc 
testinal basement membranes (Simon-Assmann et al., 
1990b), support a fonction for extracellular matrix 
molecules as potential signais for interactions between 
epithelial and mesenchymal compartments (Bissell 
and Barcellos-Hoff, 1987; McDonald, 1989; Simon-Ass-
mann et al., 1990b). Although the exact mechanisms 
involved remain uncertain, such signais could be me-
diated at the cellular level by specific cell receptors 
such as the integrins (Humphries, 1990; Ruoslahti, 
1991). Integrins are af3 heterodimeric transmembrane 
proteins divided .into several subfamilies, based on the 
sharing of a common J3 chain. It is in the VLA ("Very 
Late Antigen") subfamily, to which the [31 chain is as-
sociated with one of at least seven a subunits, that the 
typical receptors for extracellular matrix molecules are 
found (Humphries, 1990; Ruoslahti, 1991). At the 
present time, integrins are known to be involved in a 
number of cellular processes, namely migration, prolif-
eration and differentiation (Albelda and Buck, 1990; 
Hemler, 1990). Their potential role in epithelial-mes-
enchymal interactions remains, however, to be estab-
lished. 
To gain further insight on the process of deposition of 
basement membrane components and its relationship 
with the expression of [31 integrins by human gut epi-
thelium, we have developed a co-culture system suited 
for the in vitro study of epithelial-rnesenchymal inter-
actions in the human fetal srnall intestine. As the ep-
ithelial element, we used the intestinal cell line Caco-2 
that is unique in its property to gradually differentiate 
in vitro into a mature enterocyte-like cell type (Pinto et 
al., 1983; Beaulieu et al., 1989; Beaulieu and Quaroni, 
1991; Vachon and Beaulieu, 1992). Indeed, it is note-
worthy that no established "normal" hurnan intestinal 
epithelial cell line is available at the present time 
(Kedinger et al., 1987a) while limited access to hurnan 
fetal tissues at early stages makes large scale primary 
culture of intestinal endoderm impossible. Moreover, 
the benefit ofusing the Caco-2 cell line as the epithelial 
component to study epithelial-mesenchymal interac-
tions was recently demonstrated by means of Caco-2 
cell/skin fibroblast co-culture (Bouziges et al. , 1991). 
However, in contrast to the latter, the mesenchymal 
element in the present co-culture system was provided 
by human intestinal mesenchymal (HIM) cells, derived 
from an 18-week-old fetus . The rationale for using a 
homologous mesenchymal element for co-culture was 
mainly based on the fact that intestinal fibroblasts ex-
ert inductive properties on endoderm that are not car-
ried by fibroblasts from other origins such as those ob-
tained from the skin tHaffen et al., 1989; Dauca et al., 
1990; Mizuno and Yasugi , 19901. 
In the present work, we have characterized the Caco-
21 HIM co-culture system by analyzing the expression of 
cell-specific markers (cytokeratin 18 and dipeptidyl 
peptidase IV), major basement membrane components, 
and 131 chain integrins in comparison with their normal 
counterpart (i.e., the 18-20-week-old human fetal small 
intestine). First, we show that Caco-2 and HIM cells 
retain their respective cell characteristics in co-cul-
tures. Second, we demonstrate that a complete deposi-
tion of all known major intestinal basement membrane 
components occurs at the . epithelial-mesenchymal in-
terface of co-cultures, including synthesis and deposi~ 
tion of HSPG. Finally, we show that expression of ep-
ithelial [31 integrins undergoes re-distribution in a 
polar fashion at the base of co-eultured Caco-2 cells. 
MATERIALS AND METHODS 
èell Culture 
The human colon carcinoma cell line Caco-2/15 was a 
gift from Dr. A. Quaroni (Cornell University, Ithaca, 
NY). This clone of the parent Caco-2 cell line (HBT 37; 
ATTC, Rockville, MD) has been characterized else-
where (Beaulieu and Quaroni, 1991; Vachon and Beau-
lieu, 1992) and culture conditions have been defined 
previously (Beaulieu et al., 1989). Cells were used be-
tween passages 53 and 70. 
Human intestinal mesenchymal (HIM) cells were de-
rived from an 18-week-old (post-fertilization) fetal 
small intestine in accordance with the requirements of 
the institutional review committee for the use of hu-
man material. To obtain primary cultures ofHIM cells, 
small explants ofjejunums (1 x 1 mm3 ) were subject to 
partial . trypsin di~estion (0.5% trypsin-0.54 n:M 
EDTA m Ca2 + -Mg-- free phosphate buffered salme 
[PBS], 2 x 10 min at 23°C). Remaining fn,1.gments were 
then harvested and incubated at 37°C in an atmo- . 
sphere of 95% air and 5% C02 for 12 h in 100 mm 
Falcon plastic petri dishes (10 fragments/dish) wiih 1 
ml of Dulbecco's modified Eagle's medium (Gibco Can-
ada, Burlington, Ont.) supplemented with 10% fetal 
bovine serum (FBS; Gibco), 50 U/ml penicillin, 50 
µg/ml streptomycin, and 4 IDl\'1 glutamine. Theo, 10 ml 
of the same medium was added and the explants were 
incubated for an additional 48 h period. Under these 
conditions, only fibroblast-like cells were seen to out-
grow from the fragments. Thereafter, the explants 
were removed with sterilized fine forceps, the medium 
was renewed, and the fibroblasts were grown for a fur-
ther 2-3 days in order to reach 60-70% confluence. 
Subcultures were then performed after trypsinization 
(0.5% trypsin-0.54 mM EDTA in PBS, 5 min at 23°C). 
Cell populations were rapidly expanded and then kept 
frozen at passage 2 in liquid nitrogen for subsequent 
use. ln the present study, HilvI cells were used at pas-
sage 4 and 5. 
For co-cultures, Caco-2/15 cells were seeded at h igh 
density (1 x 107 cells) on 2-day post-confluence HIM 
cells. For control experiments, Caco-2/15 cells and HIM 
cells were each cultivated separately. Mono- or co-cul-
tures were incubated over a period of 14 days by re-
newing the medium every 2 days. In all cases, culture 
medium and conditions were the same as described 
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above. The data presented herein summarize the ob-
servations performed on four independent co-culture 
experiments. 
Antibodies 
Monoclonal antibodies used in this work were di-
rected to human intestinal brush border dipeptidyl 
peptidase IV (clone DA0-7/219; kindly provided by Dr. 
A. Quaroni; Daniele and Quaroni, 1990), to human cy-
tokeratin 18 (clone CY90; Sigma Chemicâls Co., St. 
Louis, MO), to "imentin (clone Vim 3B4; Boehringer 
Mannheim Canada, Laval, Qué.), to human basement 
membrane heparan sulfate proteoglycan core protein 
(clone 7El2; Kemeny et al., 1988; Chemicon Interna-
tional, El Segundo, CA), to human cellular fibronectin 
(clones FN15 and FN3E2; Sigma Chemicals Co.), to 
human type IV collagen (clone M3F7; Foellmer et al., 
1983), and to human laminin (clone 2E8; Engvall et al., 
1986), both obtained from the Developmental Studies 
Hybridoma Bank (Baltimore, MD), as well to the 131 
chain integrins (clone m.Ab 13, kindly provided by Dr. 
S.K. Akiyama, Howard University Cancer center, 
Washington, DC; Akiyama et al., 1989; and clone 
A-1A5, kindly provided by Dr. M.E. Hemler, Dana-Far-
ber Cancer Institute, Boston, MA; Hemler et al., 1983). 
Rabbit specific antisera used for this study were di-
rected to human tenascin and human type IV collagen 
(both from Chemicon International), to human fibro-
nectin (from Upstate Biotechnology Inc., Lake Placid, 
NY), and to human laminin (Calbiochem, La Jolla, 
CA). 
Indirect lmmunofluorescence 
The preparation and O.C.T. (Miles Tek, Elkhart, IN) 
embedding of mono- and co-cultures and human fetal 
intestine for cryosectioriing and staining procedures 
were performed as described previously (Beaulieu et 
al., 1991; Vachon and Beaulieu, 1992). Primary anti-
bodies were diluted 1:5-1:400 (CY90, 1:400; anti-
C-IV and anti~Fn, 1:200; DA0-7/219, FN3E2, M3F7, 
2E8, m.Ab 13, anti-Tn, anti-Ln, 1:100; A-1A5, 1:50; 
Vim 3B4, 1:10; and 7El2, 1:5) in 2% BSA-PBS (pH 
7.4). Secondary antibodies were either fluorescein-con-
jugated goat anti-mouse IgG, fluorescein-conjugated 
goat anti-rabbit IgG (both from B_oehringer Mannheim) 
or fluorescein-conjugated goat anti-rat IgG 
(CATALAG/Cedarlane Laboratories, Hornby, Ont.), 
used at final dilution of 1:25 in 2% BSA-PBS. In all 
cases, no fluorescent staining was observed when the 
primary antibody was omitted or replaced by non-im-
mune mouse or rabbit serum at 1:100 dilution. 
Gel Electrophoresis and lmmunoblotting 
Sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed according to the 
method of Thomas and Kornberg (1975) on 10% acry-
lamide gels. Typically, HIM cell layers grown in 100 
mm dishes were washed twice with PBS and harvested 
in 1 mVdish of solubilization buffer (2.3% SDS, 10% 
glycerol, 0.001 % BPB in 62.5 mM Tris-HCl pH 6.8) 
containing 65 mM DTT and boiled at 100°C for 5 min 
before loading. Separated proteins were transferred 
ontD nitrocellulose membranes (BioRad, Mississauga, 
Ont.) according to Towbin et al. (1979). Following 
transfer, pro teins and molecular weight markers 
(49.5-205 kD range; BioRad) were localized by stain-
ing with Ponceau red. 
For immunoblotting, membranes were blocked over-
night at room temperature in PBS containing 5% 
Blotto and incubated 2 h with each of the rabbit anti-
sera (diluted 1:500 in the blocking solution). After 
washing in PBS, membranes were incubated with al-
kaline phosphatase-conjugated goat anti-rabbit lgG 
(BioRad) diluted 1:3,000 in 1 % BSA-PBS. Alkaline 
phosphatase detection was performed according to in-
structions by the manufacturer. Blots were then rinsed 
with water and photographed. 
RESULTS 
Cellular Characteristics of Co-Cultures 
On plastic, Caco-2115 cells grow as small islands of 
spread cells until theyreach confluence, at which point 
they begin enterocytic differentiation (V achon and 
Beaulieu, 1992). Typically, differentiating cells formed 
a monolayer of cylindrical absorptive epithelial cells, 
as observed under phase contrast microscopy (Fig. la). 
IIlM cells grew rapidly and exhibited a typical fusiform 
cell morphology (Fig. lb). When plated on confluent 
IIlM cultures, Caco-2115 cells readily attached and 
grew as monolayer islands that reached confluence in 
approximately the same time (3-4 days) as when 
plated on plastic. Two distinct types of colonies were, 
however, observed at all stages. Indeed, about half of 
the islands were Caco-2115 cells growing at the surface 
of the fibroblastic sheet. The other half were formed by 
Caco-2 cells that reached the plastic at the time of the 
plating through spaces remaining between adjacent 
IIlM cells in regions where the cell lawn was at lower 
density. Growing of these colonies gradually pushed 
fibroblasts aside until an overall Caco-2/15 cell conflu-
ence was reached as monitored by phase contrast mi-
croscopy. After 14 days of culture, Caco-2115 cells lying 
on both the plastic and the IIlM cells formed a contin-
uous monolayer (Fig. le). 
Dipeptidyl peptidase IV, a specific marker of mature 
enterocytes (Daniele and Quaroni, 1991; Gorvel et al., 
1991; Yoshioka et al., 1991) was used to evaluate the 
differentiation of co-cultilred Caco-2/15 cells. As as-
sessed by indirect immunofluorescence with the DA0-
7/219 monoclonal antibody, we found that Caco-2115 
cell differentiation was not altered in co-culture. In-
deed, as when grown on plastic (not shown; Daniele 
and Quaroni, 1991), the apical brush border of Caco-
2115 cells stained for dipeptidyl peptidase IV after 14 
days of co-culture (Fig. ld). Persistent expression of cell 
type-specific markers was also studied. This was done 
by analyzing the expression of cytokeratin 18 (epithe-
lial cell-specific) and vimentin. As for dipeptidyl pepti-
dase IV, detection of these two cytoskeletal components 
was performed by indirect immunofluorescence (with 
monoclonals CY90 and Vim 3B4, respectively). Caco-
2115 cells were strongly stained for cytokeratin 18 in 
both mono- (not shown) and co-cultures (Fig. le), as for 
18-week human fetal small intestinal epithelial cells 
(Fig. lf). Conversely, all mesenchymal (HIM) cells ex-
press vimentin and all of them were consistently cy-
tDkeratin negative (not shown). 
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Fig. 1. Characterization of Caco-2/15 cells, HIM cells, and Caco-21 
HIM cell recombinants after 14 days in culture. Phase con~-i mi-
crographs (a-c) ofCaco-2115 cells (a), Hll\I cells (b), and a Caco-2.HlM 
co-culture (c). Indirect immunofluorescence micrographs (d-f) for the 
detection ofbrush border dipeptidyl peptidase IV (d) and cytokeratin 
18 (e-f) on cryosections of a 14-day Caco-2/HIM co-culture (d.el and 
Expression of Basement Membrane Components in 
Mono- and Co-Cultures 
The expression of basement membrane components 
was tested in Caco-2/15 and HIM cells grown alone and 
in co-culture. On plastic, 14-day HIM cells expressed 
all of the extracellular matrix molecules studied here. 
As illustrated in Figure 2a, probing of HIM cell pro-
teins by Western blotting with a set of specific poly-
clonal antibodies revealed the presence of Tn, cellular 
Fn, C-IV, and the B chains of Ln. The laminin Achain 
was not detected under these conditions, suggesting 
that the molecule was either not expressed or present 
in very low amounts in HIM cells. Indirect immuno-
fluorescent staining with the same antisera and/or 
with the monoclonals M3F7 (anti-C-IV), 2E8 (anti-Ln), 
and FN3E2 (anti-Fn) revealed a positive staining of 
HIM cells for each of these molecules as illustrated in 
Figure 2b. It is noteworthy that no basement mem-
brane-like structures were observed on top ofHIM cells 
cultured alone (Fib. 2b). Also, the basement membrane 
HSPG was not detected in HIM cultures. Conversely, 
in Caco-2/15 cells grown on plastic, no true basement 
membrane (Vachon and Beaulieu, 1992) or immunore-
active basement membrane-like structure was de-
tected. Nevertheless, under these conditions, Caco-2115 
cells were able to express Ln at the lateral-basal sur-
18-week human fetal small intestine if). Antibody binding was visu-
alized by staining with a fluorescein-conjugated goat anti-mouse IgG 
antibody. e, Caco-2115 cell epithelial sheet; elm, Caco-2115 œll mono-
layer covering HIM cell layers; e/p, Caco-2115 cells in contact with the 
culture surface; m, HIM cell layers. ~l~onification: 188 x (a-<:I. 310 x 
(dl, 250 x (e), and 100 x (f). 
face but C-IV, Tn, and HSPG were not observed <Va-
chon et al., submitted; see also below). 
Indirect immunofluorescence analysis of intestinal 
basement membrane component expression in 14-day 
Caco-2/HIM co-cultures demonstrated a complete de-
position of these molecules at the epithelial-mesen-
chymal interface. Indeed, C-IV and Ln were strongly 
detected at the basal aspect of Caco-2115 cells in close 
apposition to HIM cells, which were moderately 
stained for these molecules (Fig. 3a,b). It is germane to 
note that those Caco-2/15 cells in contact with plastic 
in co-culture dishes exhibited the same staining pat-
terns for Ln and C-IV as in mono-culture (see Fig. 3a,b: 
e/p). Moreover, as in the human fetal small intestine 
(Beaulieu et al., 1991), we observed a deposition of cel-
lular Fn and Tn at the epithelial-mesenchymal inter-
face of Caco-2/HIM co-cultures (Fig. 3c,d); HTh! cells 
grown in co-culture with Caco-2/15 cells were also 
stained for these two molecules. 
Another interesting finding was that, in contrast to 
the respective mono-cultures <Fig. 4a), basement mem-
brane HSPG was expressed and strongly deposited at 
the epithelial-mesenchymal interface of the Caco-2/ 
HIM co-cultures (Fig. 4b) in a similar staining pattern 
as that observed for the 18-week human fetal intestinal 
basement membrane (Fig. 4cl. Moreover, a cytoplasmic 
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Fig. 2. Expression of tenascin, fibronectin, !aminin, and type IV 
collagen by HIM œlk Airer 14 days of culture, HIM cells were pro--
cessed for SDS-PAGE fa) or indirect immunofluorescence (b). a: Total 
proteins were separated and transferre<l onto nitrocellulose paper and 
incuba te<l with the various rabbit antibodies specifica!ly directed to 
human extraœllular matri.'I: components. Lane 1: Tu (220, 230, and 
320 kD). Lane 2: Cellular Fn (270-290 k.D). Lane 3: Ln (200-210 kD, 
no chain A detectedl. Lane 4: C-IV (180 kD). No specific band was 
apparent when primary antibody was omitted Oane 5). Detection was 
penonned by using an alkaline phosphatase-conjugated goat anti-
rabbit IgG antibody. 1folecular weight markers at the left of the gel 
are expressed in kD. h: Representative immunofluorescence showing 
the !ocalization of extraœl!ular matrix œmponents in HL\1 tells. As 
illustrated for Fn (det&ted with the monoclonal FN-15), HThi cells 
were stained heterogeneously according to diffuse and fibri!lar pat-
terns, presumably cytoplasmic and extracei!ular, respectively. d, dif-
fuse staining pattern: f, fibriHa:r staining pattern. Magnification: 
480x. 
staining in Caco--2115 cens 1;vhile the fibroblasts appear 
negative Œig. 4b) suggested that this molecule 
was produced by the epithelial element. 
This was, not observed in the epithelium of 
the 18-week-old fetal intestine 
Hedistribution of VlA-{31 in 
Caco-2/HIF-1 Go-Cultures 
ln conjunction with the complete deposi.tion of major 
intestïnaK basement membrane components, the ex-
pression and the distribution of the 131 chain of inte-
grins we:re subject to significant changes. Immuno-
staining of ceU mom::-cultures with the mAb 13 m· 
A-1A5 monodonals revealed a cytoplasmic staining 
pattern for Caco-2/15 ceUs (Fig. 5a) and a faïnt pericel-
lular for HilVI: œUs (Fig. 5b). However m co-
cultures, the antigen was predominantly localized at 
the base of Caco-2/15 cells (Fig. 5c). A gradient of in-
tegrin-131 chain expression was also noted in the un-
dedying HIM cell layers, those dosest to the bottom. of 
the dish appearing as the most strongly st:rined (Fig. 
fic). Interestingly, the staining for Caco-2/HJl\;I co-cul-
tures was found to be.similar to that observed in the 
epithelium and the stroma of human fetal intestinal 
villi (Fig. 5d) and crypts (Fig. 5e). 
DISCUSSION 
These data demonstrate that specific epithelial-mes-
enchvmal interactions occu:r between colon cancer 
Cac0:2/15 cells and intestinal mesenchymal cells 
grown in co-culture. Even more important, they appear 
of a normal type as obse:rved by basement membrane 
composition and integrin localization that are similar, 
if not identical, to those of the human fetal small in-
testine at mid-pregnancy (Beaulieu et al., 1991; this 
report). Indeed, we have shown that Caco-21HIM: co-
cultures display an ïmmuno:reactive basement mem-
brane-like structure that is composed of an the major 
oomponents found at the epithelial basement mem-
brane in the human fetal intestine. A strong deposition 
of C-IV, and basement membrane HSPG, as weU as 
Fn and Tu, was dearly detectc.-'d at the epithelial-mes-
enchymal interface in vitro and in vivoo In contrast, we 
found no evidence of basement membrane-like elabo-
ration in the respective mono-cultures, further empha-
sizing the necessity of reciprocal interactions between 
epithelium and mesenchyme for the formation of this 
specïalized extracellular matrix (Haffen et al., 1989; 
Dauca et al., 1990; Mizuno and Yasugi, 1990; Simon-
Assmann et al., 1990b). In accord.an.ce to previous data 
reported for rodent intestinal mesenchymal tissues 
(Aufderheide and Ekblom, 1988; Senior et al., 1988; 
Haffen et aL, 1989; Simon-Assmann et al., 1990a; Simo 
et al., 1991), the HIM œlls were shown to synthesize 
most of the extracellular matrix molecules exœpt base-
ment membrane HSPG, Conversely, Caco-2Ïl5 cell 
mono-cultures s:ynthesize Ln and Fn, a property recog-
nized in the parental Caco-2 œll line as well as for 
other colon carcinoma cells (Quaroni et al., 1989; Al-
belda and Buck, 1990; Bouziges et aL, 1991) and for 
rodent intestinal primfil'J cultures and ceH lines 
(Quaroni et 1978; Simon-Assmann et aL, 1990a; 
Simo et These observations stress the dual 
participation ceH types for the production of 
basement membrane components. 
Interestingly, basement membrane HSPG molecules 
v;rere never detected in Caco-2/15 or in. HIM œH mono-
cultures. expression and deposition 
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Rg. 3. Indirect immunofluorescence micrographs showing the lo-
calization oflaminin (a}, type IV collagen (b), cellular fibroneètin (c}, 
and tenascin (d}. Cryosections of14-day Caco-2/HIM co-cultures were 
stained with the monoclonals 2E8 (a}, M3F7 (b), and FN-15 (c), while 
tenascin (d) was detected with a specific rabbit antiserum (see Fig. 2). 
. ' 
of this molecule at the epithelial-mesenchymal inter-
face were obvious in the co-cultures. Epithelial base-
ment membrane HSPG has been shown to be of epithe-
lial origin in the developing intestine (Simon-Assmann 
et al., 1989). Herein in co-cultures, the presence of a 
typical cytoplasmic staining for HSPG detection in 
Caco-2/15 cells, but not in its fibroblastic counterpart, 
supports the idea of an exclusive epithelial origin for 
this molecule. Its specific induction in Caco-2/15 cells 
in co-culture is likely to result from direct HIM-Caco-
2/15 cell interactions. Indeed, Caco-2/15 cells grown in 
contact with the plastic substratum in dishes of co-
cultures remained unstained for HSPG, as in mono-
cultures (not shown), suggesting that the inducer was 
not a soluble signal such as a hormone or a growth 
factor. Deposition of the other basement membrane 
components could well have provided such an inductive 
Antibody binding was visualized by staining with fluorescein-conju-
gated goat anti-mouse (a-c) or anti-rabbit IgG (d) antibodies. e. Caco-
2115 epithelial sheet; m, HIM cell layers. e/p, Cao-2115 cells in contact 
with the culture surface. Arrows denote the epithelial-mesenchymal 
interface. Magnification: 430 x (b) and 450 x. (a,c,d) . 
signal (Timpl and Dziadek, 1986; Bissell and Barcellos-
Hoff, 1987; Haffen et al., 1989). Alternatively, trans-
mission of the signal could have been provided through 
epithelial-mesenchymal cell contacts like those ob-
served at early stages during intestinal development 
(Mathan et al., 1972; Burgess, 1976) as well as in Caco-
2 cell/skin fibroblast co-cultures Œouziges et al., 1991). 
It is noteworthy that in a recent work (Bouziges et al., 
1991), HSPG molecules were not detected at the epi-
thelial-mesenchymal interface of Caco-2 cells co-cul-
tured with skin fibroblasts. This could illustrate the 
fact that only homologous fibroblasts, such as those 
derived from the human small intestine, are likely to 
carry out a full inductive capability. Indeed, organ-spe-
cific differences in permissive inductive capacity of 
mesenchymal tissues in epithelial-mesenchymal inter-
actions are well documented 1Haffen et al., 1989; 
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Fig. 4. Indirect immunofluorescence micrographs showing the ex-
pression of basement membrane heparan sulfate proteoglycan with 
the monoclonal 7E12 antibody on cryosections ofCaco-2115 cells (at, a 
Caco-2/HIM co-culture (b) (both at 14 days) and a representative 18-
Dauca et al., 1990; Mizuno and Yasugi, 1990). Alter-
natively, the use of antibodies directed to different 
HSPG core proteins (lozzo, 1988) must also be consid-
ered in the light of the previous characterization of 
HSPG expression in the intact gut (Simon-Assmann et 
al., 1989; Beaulieu et al., 1991). Nevertheless, in the 
present case, the specific detection of basement mem-
brane HSPG at the Caco-2/IITM cell interface repre-
sents strong and direct evidence for the importance of 
reciprocal epithelial-mesenchymal interactions in the 
synthesis of basement membranè molecules. 
Another interesting finding evidenced from the 
present study was the apparent requirement of epithe-
lial cells for a well-organized basement membrane in 
order to allow a typical distribution of in integrins at 
the basolateral domain of the cells. lndeed, in Caco-
2115 cells co-cultured on fibroblasts, the ~l chain of 
integrins was localized according to a characteristic po-
larized pattern similar to that reported in the intact 
human intestine at both fetal (Fig. 5d,e) and adult 
stages (Ghoy et al., 1990; Virtanen et al., 1990; Koretz 
et al., 1991; Beaulieu, 1992)-that is, at the baso-lat-
eral surface of the epithelial cells but with a clear pref-
erence for the basal domain. In the opposite, in Caco-
2115 cells grown directly on plastic, the molecule was 
only detected as diffuse cytoplasmidbasolateral stain-
ing. Similarly, in colorectal adenocarcinomas as well as 
in other tumors, alterations in the structure and com-
position of the basement membrane at the tumor-
week human fetal small intestine (c). Antibody binding was vi.sual-
ized by staining with a fluorescein-conjugated goat anti-mouse IgG 
antibody. e, Caco-2115 epithelial sheet; m, H1M cell layers; lp, lamina 
propria. Magnification: 310 x {a,b) and 365 x {c). 
stromal interface appear associated with a loss of cel-
lular polarity and/or reduction in the expression of in 
integrins (Martinez-Hernandez, 1988; Pignatelli et al., - _ 
1990). 
In conclusion, these data show that the Caco-2/HIM 
co-culture system is a valuable in vitro model for the 
analysis of the cell-matrix processes involved in hum.an 
intestinal basement membrane formation, under the 
context of epithelial-mesenchymal interactions. This 
system should allow and facilitate dissection, at the 
molecular level, of the mechanisms by which extracel-
lular matrix molecules act as signal carriers through 
specific cell receptors in tissue interactions and mor-
phogenesis. 
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Background/Aims: Intestinal epithelial cell prolifera-
tion, migration, and differentiation are susceptible to 
various influences along the crypt-villus axis including 
compositional changes in the basement membrane and 
differentlal expression of receptors for these compo-
nents. However, lamlnln has been consistently de-
tected at the epithelial basement membrane without 
significant variation ln relatlon to the crypt-villus func-
tlonal unit. The aim of thls study was to examine the 
distribution of individual lamlnln chalns. Methods: The 
patterns of distribution of laminin A, M {an A-chain vari-
ant), 81, and 82 chalns as well as the integrins cx6P1 
and cx6134, two laminln receptors, were determined by 
indirect immunofluorescence in the adult human small 
intestine. Results: Markedly distinct patterns of laml-
nin chain expression were observed along the crypt-
villus axis. The A chain was found predominantly asso-
ciated with the differentiated epithelial cells on the 
villus whereas the M chain was restricted to the base-
ment membrane of crypts. However, both 81 and 82 
chains were detected all along the intestinal basement 
membrane. Furthermore, cx6P1 and cx6P4 integrins 
were found to be expressed by all enterocytes. Conclu-
sions: These observations show a reclprocal expres-
sion of lamlnin isoforms along the crypt-villus axis and 
support the concept that the Intestinal epithelial base-
ment membrane is subjected to intricate compositional 
changes. 
L aminin is the predominant noncollagenous compo-nent in basement membranes. 1'2 The molecule, 
which was first identified from embryonic rodent tumor 
cells, has been extensively characterized both biochemi-
cally and functionally from this convenient source. lt 
consists of a crosslike structure composed of three sub-
units: two distinct light chains of about 200 kilodaltons, 
designated B 1 and B2, and a heavy A chain of 400 
kilodaltons.3 The primary structures of the human lami-
nin A, B 1, and B2 chains were also determined and found 
to be highly homologous to their murine counterparts.4 
Several biological activities have been ascribed to the 
heterotrimeric form of the glycoprotein, namely promo-
tion of the adhesion, migration, growth, and differentia-
tion of certain cells.2•3•5 As deduced from partial proteoly-
sis studies and sequencing of the chains, the structural 
model of laminin showed that the molecule contains 
well-defined domains to which many specific assembly 
and biological functions, including cell attachment, can 
be assigned.3·6 Conversely, a number of laminin binding 
membrane molecules have been so far identified.-·8 
Among these, integrins are considered of primary impor-
tance in the light of the recent finding that these hetero-
dimeric molecules serve both as structural receptors con-
necting the extracellular matrix to the cytoskeleton and 
as signalling receptors.9•10 Several integrins have been 
shown to bind to laminin7'8: a.6~1 and a6~4 use laminin 
exclusively as a ligand, whereas al~l, a2~1, and a3~1 
can also bind to other extracellular matrix molecules such 
as type IV collagen or fibronectin.7•11 - 13 
The identification over the last few years of new geneti-
cally distinct laminin chain variants revealed chat the 
classical form of laminin (Bl-A-B2) is only one member 
of a family of related molecules. 14 Two of these variants 
have been well characterized so far: the S-laminin, a rat 
isoform of the B 1 chain found at synaptic sites in muscles 
and in glomerular basement membrane15 and merosin, a 
lamininlike protein first isolated from human placenta 
in which the A chain is substituted by an homologous 
"M" chain.16- 18 How such chain substitutions would 
affect the biological activiry of the molecule remains to 
be further investigated.14 As shown in recent studies, the 
molecular differences among the various members of the 
laminin family may be related to distinct tissue-specific 
roles. For instance, although not without exception, 19 
laminin in most normal basement membranes studied, 
including those of the three rypes of muscle fibers, 
Abbrevlatlons used ln th/s paper: BSA, bovine serum albumln; SI, 
sucrase-lsomaltase. 
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Schwann cells, feral membranes, rat liver during neonatal 
life and after hepatectomy, kidney, and skin, contain 
either the A chain or the M chain but not both. 19- 22 
Whether the expression of merosin is a feature of mature 
cells20•23 or rather of growing and differentiating cells21 '22 
remains, however, controversial. 
The adult intestinal epithelium has been proven a 
useful model to analyze, in vivo, cell-matrix interactions 
in relationship to the cell state. Indeed, its continuous 
cell renewal system consists of spatially confined prolifer-
ative and differentiated cell compartments, located, re-
spectively, in the lower regions of the crypts and on the 
villi. 24 The crypt-villus functional unit is further defined 
by typical morphological and functional properties dis-
played by the mature villus enterocyte, which clearly 
distinguish it from the crypt cell.25 '26 It is recognized 
that intestinal epithelial cell proliferation, migration, and 
differentiation are susceptible to various influences along 
the crypt-villus axis including compositional changes in 
the basement membrane and a differential expression of 
receptors for these components.26- 29 However, in both 
human27•30 and rodent31 •32 small intestine, the hetero-
trimeric laminin was consistently detected at the epithe-
lial basement membrane without significant variation in 
relation to the crypt-villus axis. The recent finding that 
the A chain of laminin is restricted to the crypt basement 
membrane in the adult mouse small intestine33 provides 
new evidence that this molecule may also be involved in 
differential cell-matrix interactions along the crypt-villus 
axis. 
In the present work, to get furrher information on the 
potential role of laminin on epithelial cell growth and 
differentiation, the patterns of distribution of the laminin 
A, M, Bl, and B2 chains were determined by indirect 
immunofluorescence with a panel of well-characterized 
monoclonal antibodies16•20•34 and analyzed in concert 
with the presence of the integrins cx6~1 and cx6j34, two 
specific receptors for laminin,7•11 - 13 along the crypt-villus 
axis of the adult small intestine. 
Materials and Methods 
Tissues 
Fourteen samples of small intestine (8 jejunums and 6 
ileums) were studied. Only tissues obtained rapidly (in Jess 
than 30 minutes) from nondiseased parts (at least 10 cm distant 
from lesions) of resected segments were used in the present 
study. As shown in Table 1, specimens were obtained from 
adult patients wich either inflammatory bowel disease, bowel 
obstruction, or neoplastic mecascases, according ro a prorocol 
approved by the Institucional Review Committee on Human 
Research. The preparation ançl optimum cutcing cemperature 
embedding compound (Tissue Tek, Miles I..aborarories, Elk-
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hart, IN) embedding of specimens for cryosectioning was per-
formed as previously described. 35 
Primary Antibodies 
The antibodies used in chis work were che monoclonals 
4C7 (20; a kind gifc from Dr. E. Engvall, La Jolla Cancer 
Research Foundation, La Jolla, CA) and mAb428005 (Calbio-
chem, La Jolla, CA), direcced against the human laminin A 
chain; mAb1921 (Chemicon International, El Segundo, CA) 
and 3E534•36 (provided by Dr. E. Engvall), boch direcced ro 
the human laminin Bl chain; mAb1920 (Chemicon Incerna-
cional) and 2E836 (Developmental Scudies Hybridoma Bank, 
Baltimore, MD), directed against the human laminin B2 chain; 
5H2 16.2° (Gibco/BRL, Life Technologies Inc., Burlingron, On-
tario) and 2G916•20 (provided by Dr. E. Engvall), both directed 
to the human laminin M chain; mAb 1337 and A-1A5,38 di-
rected ro the human ~1 integrin subunic and kindly provided 
by Drs. S. K. Akiyama (Howard Universiry Cancer Center, 
Washington, DC) and M. E. Hemler (Dana-Farber Cancer 
Insticuce, Boston, MA), respectively; GOH339 (Serocec, Ce-
darlane I..aborarories, Hornby, Ontario, Canada), direcced 
againsc the human a.6 integrin subunit; and 3El 40 (Calbio-
chem), direcced co the human ~4 integrin subunit. The macure 
form of the human brush border membrane hydrolase sucrase-
isomalcase was decected with the monoclonal antibody HSI-
5 _41 
Rabbit specific antisera directed against laminin were used 
as described elsewhere21•30•42 ; Ab949 (Chemicon International) 
was raised against laminin purified from EHS tumor whereas 
the Ab428004 (Calbiochem) was directed to purified laminin 
from human placenta. 
The characteristics of these monoclonal and polyclonal anti-
bodies are summarized in Table 2. 
Indirect lmmunofluorescence 
Cryosections 2-3-µm thick were eut on a Jung Frigo-
cut 2800N cryostat (Leica Canada Inc., Saint-Laurent, Québec, 
Canada), spread on silane-coated glass slides, then air-dried for 
1 hour at room temperature before storage at -80°C. Tissue 
sections were fixed in methanol (10 minutes, -10°C) before 
immunostaining as described previously.27•30•42 Ascites were 
diluted 1:25-1:5000 (3El, 1:5000; mAb428005, 2E8, 5H2, 
mAb1920, mAb1921, and HSl-5, 1:100; A-1A5 and mAb 
13, 1:50; GOH3, 1:25) in PBS (pH 7.4) containing 2% bovine 
serum albumin (BSA). Hybridoma conditioned media were 
diluted 1:2 (4C7, 2G9, and 3E5) and polyclonal antisera were 
used at a 1:100 dilution. Fluorescein isothiocyanate-conju-
gated goat anti-mouse immunoglobulin (lg) G (Boehringer 
Mannheim Canada, Laval, Québec, Canada), ami-rat IgG (Cal-
tag, Cedarlane I..aboratories) and anti-rabbit IgG (Boehringer 
Mannheim) were used as secondary antibodies at a working 
dilution of 1 :25. Sections were then stained with 0.01 % Evan's 
blue in phosphate-buffered saline (PBS). Preparations were 
mounted in glycerol-PBS (9: 1) containing 0.1 % paraphenylene 
diamine and viewed with a Reichert Polyvar 2 microscope 
(Leica, Canada) equipped for epifluorescence with 25X and 
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Table 1. Clinical Data of Human Intestinal Specimens Studied and Respective Basement Membrane Staining for Laminin-A 
and M chains Along the Crypt-Villus Axis 
Laminin A 8M staining• Laminin M 8M staining• 
Patient Age (yr) Sex Diagnosis Segment• L 1/2 U1/i V L1/i u112 V 
1 48 M Crohn's disease Jejunum (M) ± ± +++ ++ ± 
2 75 M Metastases< Jejunum (M) ± ± +++ ++ 
3 40 F Lymphadenitis Jejunum (M) +++ ++ ± 
4 40 M Crohn's disease Jejunum (D) +++ ++ ± 
5 20 F Crohn's disease Jejunum (D) +++ ++ ± 
6 37 F Cystic colitis Jejunum (D) ± ± +++ ++ ± 
7 39 F Pseudo-obstruction Jejunum (D) ± +++ ++ ± 
8 64 M Diverticulosis Jejunum (D) +++ ++ ± 
9 67 F Diverticulosis Ileum (M) +++ ++ 
10 69 F Granulomatosis Ileum (M) +++ ++ ± 
11 30 F Crohn's disease Ileum (D) +++ ++ ± 
12 33 F Crohn's disease Ileum (D) +++ ++ ± 
13 31 F Crohn's disease Ileum (D) +++ ++ ± 
14 72 M Metastases< Ileum (D) +++ ++ 
•staining intensity at lower crypt (L %J. upper crypt (U 1/i) and vil lus (V) as expressed on a scale from - (negative) to +++ (maximum intensity). 
8M, basement membrane. 
°M, median; D, distal. 
crransitory metastases from unidentified carcinoma (patient 2) or from liver carcinoma (patient 14). 
lOOX objectives. For immunolocalization observations, FITC-
fluorescence was excited with the output of an Osram HBO 
100 W/2 lamp filtered with a Leica Bl module (excitation 
filter, 450-495 nm; dichroic mirror DS 510; barrier filter, LP 
520). Black and white and color pictures were taken with 
Kodak TX-400 and Ektachrome 400 films, respectively (Ko-
dak Canada, Toronto, Ontario, Canada). In all cases, no immu-
nofluorescenr staining was observed when primary anribodies 
were omitted or replaced by appropriate nonimmune sera. For 
same-field histological observations, selective excitation of 
Evan's blue was obtained by switching to a Leica G2 module 
(excitation filter, 520-560 nm; dichroic mirror DS 580; bar-
rier filrer, LP 590). Black and white pictures were taken with 
Kodak TX-400 films and processed to generare negative prints. 
In some experiments, fixed tissue sections were subjected to 
various treatments before primary antibody reaction. Each of the 
following treatments (30 minutes' duration) were performed sepa-
rately: 0.01 % collagenase (type I; Sigma Chemical Co., St. Louis, 
MO) in PBS (pH 7.4) at 37°C, 10 µg/mL pepsin (Sigma) in 50 
mmol/L Tris-HCl (pH 3.0) at 23°C, 10 µg/mL trypsin (Gibco/ 
BRL) in PBS (pH 7.4) at 23°C, 0.25% Triton X-100 (BioRad, 
Mississauga, Ontario, Canada) in PBS (pH 7.4) at 23°C, 6 mol/L 
Table 2. Characteristics of Antibodies Used in This Work and Respective Antigen Distribution Along the Crypt-Villus Axis 
lmmunostaining pattern• 
Antibody Type• Specificity Source Crypt (L 1/i) Crypt (U1/i) Villus 
Ab949 p Ln from EHS tumor +++ +++ +++ 
Ab428004 p Ln from hc placenta +++ +++ +++ 
4C7 M h Ln Achain 20 +++ 
mAb428005 M h Ln A chaln +++ 
3E5 M h Ln 81 chain 34,36 +++ +++ +++ 
mAb1921 M h Ln 81 chain +++ +++ +++ 
2E8 M h Ln 82 chain 36 +++ +++ +++ 
mAb1920 M h Ln 82 chain ++ ++ ++ 
5H2 M h Ln M chain 16, 20 ++ ± 
2G9 M h Ln M chain 16,20 ++ ± 
GOH3 M h integrin a6 subunit 39 ++ ++ ++ 
mAb13 M h integrin /31 subunit 37 ++ ++ ++ 
A-1A5 M h integrin (31 subunit 38 +++ +++ +++ 
3E1 M · h integrin (34 subunit 40 +± +± ++ 
HSl-5 M mature form of h SI 41 +++ 
"Polyclonal antiserum (P) or monoclonal antibody (M). 
bStalning intensity at lower crypt (L 1/i), upper crypt (U1/i) and villus as expressed on a scale from - (negative) to +++ (maximum intensity). 
"h, human. 
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figure 1. Expression of laminin in the adult human smali intestine. lmmunodetections from representative fields of cryosections of distal 
jejunum from patient 7 (diagnosed with pseudo-obstruction; see Table 1). (Band 0) Indirect immunofluorescence micrngraphs of the mucosa 
stained for the detection of the vil lus form of SI with the HSl-5 antibody (8) and laminin with the Ab428004 (D). (A and C) Corresponding 
histological representations. lmmunodetection of the vil lus (v) forrn of SI, which is not expressed at the luminal surface of ciypt epithelial ce lis 
(arrowheads), was used routinely to confirm the presence of a functional cr1pt-villus axis of ail specimens studied. Staining Jar the detection 
of laminin showed that the molecule is localized at the basement membrane of both villus (arrows) and crypt (c) epithelial cells as well as in 
cellular elements of the lamina propria (original magnification x135; .bar= 100 µm). (E) Representative Western blot analysis of the constituent 
chains of laminin expressed in the adult human jejunum mucosa. Total proteins were separated by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis under reducing conditions and probed with the antiserum Ab428004, which revealed 81 and 82 chains ( ~ 205 and ~ 220 
kilodaltons) as a prominent band (81/82), the A cl1ain (A, ~400 1-<ilodaltons), nidogen (n, ~150 kilodaltons), as well as other minor bands 
including one at ~350 kilodaltons (arrow). Molecular weigl1t markers are indicated in thousands; t, top of the separating gel. 
urea (BioRad) in 100 mmol/l. glycine (pH 3.5) at 4°C, and PBS 
at 23°C. After treatment, sections were washed extensively in PBS, 
blocked in 2% BSA-PBS, and subsequently processed for immuno-
~ fluorescence staining. All of these treatments. failed to idemify an 
hypothetically hidden laminin A epitope in the intestinal crypt 
basement membrane with either 4C7 or mAb428005 (not shown). 
Ge! Electmphoresis and lmmunoblottlng 
Sodium dodecyl sulfate/8% polyacrylarnide gel electro-
phoresis was performed as described previously.42.43 Proteins 
from adult small intestinal mucosa1 scrapings were direcdy 
solubilized in sample buffer comaining 5% ~-mercaptoetha­
nol.43 Separated proteins were transferred onto nitrocellulose 
(frnrnunoSelect; Gibco/BRL) and stained with Ponceau red to 
localize molecular weight markers (44-220 kilodaliton range; 
BioRad). Immunoblotting experiments were performed essen-
tially to the already described.42 
membranes were bl.ocked ovemight at mom temperature in 
PflS (pH 10% milk and incubated 
with either Ab949 or Ab428004 antisera, diluœd 1:400 in 
LJLL'~~'""· solution. After in PJBS, membranes were 
incubated with a biotin-conjugated goat ami-rab-
bit IgG and a streptavidin/alkaline phosphatase-conjugated 
biotin complex, and processed for alkaline phosphatase detec-
tion according to the instructions of the manufacturer (Boeh-
ringer Mannheim, Canada). 
Results 
Validation of the Crypt-Vmus Gradient of 
Cell Differentiat!on With 
Sucrase-lsomaltase 
Tissues studied in this were histologically 
normal. Furthermore, evidence that a typical epithelial 
ceH differentiation gradient was displayed aiong the 
axis in aH specimens was verified by means 
of imrnunostaining with tlhe antibody which 1s 
direcred to a vilh.is form oflmman sucrase-isomaltase 
rhat is not detected in crypt œHs (Figure LA. and 
imrrmnoi!:lectectlon of Larninnin by 
!?o~y.r:lona~ flmtibo:dlles 
on frozen sections of adult lm-
ma.n smaH intestine wi.th the ,Ab949 or 
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Rgure 2. Expression and distribution of laminin 8 chains in the adult human small intestine. lmmunodetections from representative fields of 
cryosections of distal jejunum·from the same patient as Figure 1. (8 and 0) Indirect immunofluorescence micrographs of the mucosa stained for 
the detection of laminin 81 with the 3E5 antibody (8) and laminin 82 with the 2E8 antibody (0). (A and C) Corresponding histological representations. 
8oth 81 (8) and 82 (0) chains were localized at the epithelial basement membrane of both villus (arrows) and crypt (c) cells, as well as in cellular 
elements of the lamina propria, as observed with polyclonal antisera (see Figure 1 O); (original magnification X198; bar= 100 µm). 
Ab428004 shows that laminin is a major component of 
the epithelial basement membrane, from the• bottom of 
the crypts to the tip of the villi, as well as other cellular 
(vascular and muscular) elements of the lamina propria 
(Figure lC and D). Western blotting analysis of mucosal 
scrapings (Figure lE) with either antisera consistently 
showed the presence of two major bands with relative 
molecular masses in the regions expected for the principal 
constituent chains of the laminin molecules, namely a 
prominent ~205-225-kilodalton band corresponding to 
the B l/B2 chains and a ~400-kilodalton band, the A 
chain. The band at ~ 150 kilodaltons, detected with the 
two polyclonal anti-laminin antibodies, was referred as 
nidogen/entactin. 5 Other minor proteins were also de-
tected including one at ~350 kilodaltons observed with 
the antiserum Ab428004 raised against human placenta! 
laminin but not with Ab949 developed to EHS laminin, 
suggesting that this molecule may correspond to the 
laminin M chain. 19•20 
Distribution of Laminin Chains Along the 
Crypt-Villus Axis 
The expression of the individual A, M, B 1, and 
B2 chains of laminin and their distribution along the 
human small intestinal crypt-villus axis was determined 
on cryosections stained by indirect immunofluorescence 
with a series of chain-specific monoclonal anti-human 
laminin antibodies (Table 2). In all specimens studied, 
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Rgure 3. Expression and distribution of the A and M chains of laminin in the adult human small intestine. lmmunodetections from representative 
fields of cryosections of distal jejunum from the same patient as Figure 1. (8 and 0) Indirect immunofluorescence micrographs of the mucosa 
stained for the detection of laminin with the 4C7 antibody (8) and laminin M with the 2G9 antibody (0). (A and C) Corresponding histological 
representations. The Achain was found concentrated at the epithelial basement membrane (arrows) from the tip of the villus to the crypt-villus 
junction, while it was scarcely detected in the crypt basement membrane (c) in this specimen (as in three others out of 14; see Table 1 for 
details). ln contrast, the M chain was found restricted to the epithelial basement membrane of the crypt (c) in ail specimens, according to a 
decreasing gradient from the bottom to the neck. The A chain (8) was also detected in cellular elements of the lamina propria, whereas such 
elements were mostly negative for M chain detection (O); (original magnification X198; bar= 100 µm). 
immunodectection of laminin B 1 (Figure 2A and B) and 
B2 (Figure 2C and D) chains revealed a uniform distribu-
tion of these two molecules at the epithelial basement 
membrane from the tip of the villus to the bottom of 
the crypt. Other locations for laminin B chains included 
vascular and smooth muscle cell basement membranes 
in the lamina propria and the muscularis mucosa (not 
shown). Laminin A and M chains were found expressed 
under more restricted patterns of distribution. At the 
epithelial basement membrane, the laminin A chain was 
uniformly detected in the villus, from the tip to the 
crypt-villus junction, while it was below the detection 
level in the crypt (Figure 3A and B and 4A) except in 
four patients where it appeared scarcely detectable in the 
gland (Table 1). In contrast, laminin M chain was found 
confined to the crypt and distributed under a clearly 
decreasing gradient of staining from the bottom to the 
neck of the gland (Figure 3C and D and 4B). These 
staining patterns were consistently observed in all speci-
mens studied (Table 1). The muscularis mucosa (not 
shown) and some cellular elements of the lamina propria 
were also stained by anti-laminin A-chain antibodies 
(Figure 3A and B) while these elements were mostly 
negative for laminin M-chain detection (Figure 3C and 
D). Staining patterns for laminin A and M chains in the 
epithelial basement membrane along the crypt-villus axis 
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Figure 4. Reciprocal distribution of the A and M chains of laminin in adult hum an small intestinal crypts. lmmunodetections from representative 
fields of cryosections of median jejunal mucosa from patient 3 (diagnosis of lymphadenitis; see Table 1). Indirect immunofluorescent color '<~ 
micrographs stained for the detection of laminin A with the 4C7 antibody and laminin M with the 2G9 antibody. The A chain (A) was strongly 
detected at the basement membrane at the base of the villus while its expression ceased at the crypt-villus junction (open black arrow) and 
was not detected at the basement membrane of the crypt (white arrowheads), as observed in 10 of the 14 specimens studied (Table 1). The 
M chain (8) was found concentrated at the basement membrane (white arrowheads) of lower crypt cells and absent at the crypt-villus junction 
(open black arrow); (original magnifièation X463; bar= 40 µm). 
and in the mucosa in general thus appeared strictly com-
plementary. 
Distribution of lntegrins a6P1 and a.6~4 
Along the Crypt-Villus Axis 
To examine the possible role of the two integrin 
receptors specific for laminin in the interaction of intesti-
nal epithelial cells with the differentially distributed iso-
forms of laminin, the expression of the integrin subunits 
a.6, p1, and P4 were analyzed with specific monoclonal 
antibodies (Table 2). As summarized in Figure 5 and 6, 
the three subunits were detected at the base of both crypt 
and villus epithelia in all specimens studied. Although 
these two regions appeared stained at equal intensity for 
a.6 (Figure 5A and B) and ~l (Figure 6A and B) subunits, 
immunostaining for the ~4 subunit (Figure 6C and D) 
appeared weaker in the crypts. lt is also noteworthy that 
the a.6 (Figure 5A and B) and P4 (Figure 6C and D) 
subunits were predominantly detected in epithelial cells 
whereas the Pl (Figure 6A and B).was also found strongly 
expressed by cellular elements of the lamina propria. 
Discussion 
In the present work, we have studied the potential 
role of laminin isoforms in the process of epithelial cell 
differentiation by investigating their distributions along 
the crypt-villus axis of the human small intestine. The 
existence of a proliferative compartment in the crypts 
and of a gradient of cell differentiation along this crypt-
villus axis has often raised the question of a quantitative 
or qualitative crypt-villus gradient in the deposition of 
basement membrane molecules. Indeed, such spatially 
separated cell compartments underlie the necessity of 
specialized microenvironments for their establishment, 
. d fu . l' 24-26 H . maintenance, an nct1ona 1ty. owever, 1mmuno-
cytochemical studies in humans27•30 and rodents31 •32,44 
have consistently showed a rather uniform distribution 
of the exclusive basement membrane components such as 
type IV collagen, nidogen/entactin, and heparan sulfate 
proteoglycans. Similarly, as shown here and else-
where, 27'30-33•44 polyclonal antibodies to laminin of vari-
ous origins failed to detect significant variations in the 
deposition of this molecule along the crypt-villus unit. 
Taken together, these would suggest that basement 
membrane components supports but do not govern en-
terocytic cell proliferation and differentiation. 
However, the data presented herein showing a differ-
ential expression of the constituent A and M chains of 
the laminin molecule strongly challenge this former as-
sumption. Although these observations represent the first 
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Rgure 5. Expression of the a6 laminin receptor integrin subunit in 
the adult human small intestine. lmmunodetection from a representa-
tive field of cryosection of distal jejunum from the same patient as 
Figure 1. (8) Indirect immunofluorescence micrograph of the mucosa 
stained for the detection of a6 subunit with the GOH3 antibody. (A) 
Corresponding histological representation. This molecule was found 
predominantly at the basal aspect of both villus (a"ow) and crypt (c) 
epithelial cells (original magnification x198; bar= 100 µm). 
evidence that compositional changes occur along the in-
testinal crypt-villus axis for an exclusive basement mem-
brane component, it should be pointed out that other 
molecules such as the extracellular matrix components 
tenascin21·30.43.45 and cellular fibronectin,27·30·31·46 as well 
as others not yet fully characterized,47•48 have also been 
shown previously to be distributed according to specific 
patterns along the crypt-villus axis at the epithelial-stro-
mal interface of the small intestine. However, in contrast 
to these molecules, a backbone of laminin, as revealed 
by Bl and B2 chain immunolocalization, is uniformly 
expressed all along the crypt-villus axis, and it is only 
the third chain that is subjected to a differential expres-
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sion: the M chain in the crypt and the A chain in the 
villus. This reciprocal expression of the A and M chains is 
in accordance with previous reports conce~ning basement 
membranes of other tissues and is indicative of one chain 
substituting for the other.19- 23 In light of the present 
observations, it is thus likely that laminin is expressed 
as Bl-A-B2 (villus form) and Bl-M-B2 (crypt form). 
Th . f dd" . 1 h . . 3 14 e expression o a 1t10na c ain variants ' cannot, 
however, be ruled out. 
The differential deposition of laminin isoforms ac-
cording to the patterns described herein appears of func-
tional relevance. Indeed, M chain-containing laminin 
may serve in the processes of cell growth and/or establish-
ment of polarity whereas the A chain-containing 
laminin would be involved in the acquisition and/or 
maintenance of enterocytic differentiation-related gene 
expression. Such arole for A chain-containing isoforms 
is supported by in vitro studies that show that laminin 
from EHS tumors (Bl-A-B2) allows intestinal epithelial 
cells to initiate differentiation.49·50 Although both stro-
mal and epithelial cells have been shown to synthesize 
the A chain,51 it is presently unclear whether the deposi-
tion of this chain is a function of the state of enterocytic 
differentiation or represents a specific property of the 
myofibroblasts associated with the villus basement mem-
brane.26•29'52 The recent developments in human intesti-
nal coculture systems26.42 should prove useful in answer-
ing this question. It is noteworthy that the data presented 
herein does not reflect the situation reported in the mouse 
intestine, where the A chain was exclusively detected 
at the basement membrane of the crypts. 33 This could 
illustrate the fundamental differences in physiology, de-
velopmental rates, and sequences that have been shown 
between humans and laboratory animais, concerning this 
organ (reviewed in reference 53). Alternatively, the use 
of a different anti-laminin A-chain antibody33 than those 
used herein is also to be considered. Nevertheless, in the 
present case, the differential and reciprocal deposition of 
laminin isoforms along the human intestinal crypt-villus 
axis represents strong evidence for compositional changes 
in the basement membrane in relationship to epithelial 
cell proliferation and differentiation. 
There is accumulating evidence that several of the 
biological functions of laminin such as cell proliferation, 
migration, and differentiation are mediated through spe-
cific transmembrane receptors of the integrin family,9·10 
namely the a.6~1 and a6~4 integrins.7·8·11 - 13 Therefore, 
the expression of these two integrins was investigated in 
the human intestinal mucosa to analyze their emergence 
along the crypt-villus axis. Interestingly, both integrins, 
as determined by immunolocalization of their respective 
subunits (a6, ~1, and ~4), appeared expressed at the 
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Figure 6. Expression of the ~1 and ~4 integri11 subunits in the adult human small intestine. lmmunodetections from representative fields of 
cryosections of distal jejunum from the same patient as in Figure 1. (B,D) Indirect immunofluorescence micrographs of the mucosa stained 
for the detection of ~1 with the A-1A5 antibody (B) and ~4 with the 3E1 antibody (D). (A,C) Corresponding histological representations. The 
two molecules were found predominantly at the basal aspect of both villus (arrows) and crypt (c) epithelial cells. Cellular elements of the lamina 
pmpria were also found to express the ~1 subunit but were mostly negative for ~4 (original magnification x198; bar= 100 µm). 
base of all enterocytes, from the bottom of the crypt to 
the tip of the villi. This may suggest that both receptors 
may bind to both Bl-A-B2 and Bl-M-B2 laminins. Al-
though the fonctional significanœ of this hypothesis re-
mains to be determined, it should be pointed out that 
widespread expression of these two integrins has also 
- c k n~ ibeen reported ior the normal human s in. · Moreover, 
it has been shown that these two receptors for laminin 
may not recognize the same sites on the molecule55 and 
that human colon cancer ceHs expressing the ad-
here wirh greater to faminin than those Pvtw1°.::.:: 
only 13 
1t has been shown that nonintegrin cell 
smface molecules bind laminin as well, such as the 67 -
,,,,,u·•~""·"uu receptor and ~ 1,4-galactosyltransferase. 3'7 ,s,u 
Such molecules have been identified at the surface of 
rodent enterocytes28 and human colon cancer cells56' 57 
and have been shown to mediate at least in part cell 
adhesion and spreading to laminin.56 '57 Although these 
nonintegrin receptors may interact or indirectly 
with the cytoskeleton of adhering cells,58 '59 their implica-
tion in the modulation of enterocytic cellular processes 
other than adhesion .remains to be further defined. 7 "8 ' 11 
On the other , another laminin 
receptor, was shown recendy to recognize a 
quence in the gfobular domain of the A 
is diffeœnt from the binding regions for 
7•8 ' 11 '61 Interestingly, as here for/;,_ and M 
chain-containing isoforms of was shown 
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another potential laminin receptor, was exclusively de-
tected in the lower parts of crypts. 27 ln light of recent 
observations showing that human intestinal cell adhesion 
to laminin may reguire and be differentially modulated 
by the multiple integrins expressed on the same cells, 13 
it becomes more and more evident that functional cell-
matrix interactions rely on relatively complex receptor-
mediated events. 
Taken together, these observations delineate the po-
tential complexity of epithelial cell-matrix interactions 
involved in the maintenance of a relatively simple system 
such as the human intestinal epithelium. It is now clear 
that cell proliferation, polarization, and differentiation 
are processes susceptible not only to intricate composi-
tional changes in the basement membrane, such as the 
reciprocal deposition oflaminin isoforms, but to a mosaic 
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ABSTRACT 
To investigate the role of laminin (Ln) and merosin (a Ln variant) in the modulation of 
intestinal epithelial cell diff erentiation, we have analyzed their expression as well as their 
potential influence during the differentiation process of Caco-2 cells, a human cell line unique 
in its property to differentiate into a mature enterocyte-like cell type in vitro. By indirect 
immunofluorescence and Western blotting, Caco-2 cells have been found to express the B 1 
and B2 chains of Ln, as well as a heavy - 350-370 kDa chain related to the human A chain, 
but not the M chain of merosin. A graduai deposition of this A-like chain-containing Ln 
molecule has been observed as Caco-2 cells undergo differentiation. At the cellular level, a 
- clear relationship between basal staining for the A-like chain and apical staining for the brush 
border membrane enzyme sucrase-isomaltase (SI) has been observed. Human Ln, used as 
substratum, has been found to increase significantly the expression of SI and lactase in Caco-
) 2 cells, whereas both Ln and human merosin have' been shown to stimulate aminopeptidase 
N and alkaline phosphatase expression. Taken together, these data indicate that enterocytic 
differentiation-related gene expression is promoted by an extracellular deposition of Ln, and 
is susceptible to a differential modulation by variant forms of the molecule. 
·~ 
Index terms: Caco-2 • enterocyte •extra cellular matrix • merosin • sucrase-isomaltase 
) 
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INTRODUCTION 
Laminin (ln) is the predominant noncollagenous component of the base ment membrane. 
This well characterized glycoprotein consists of a cross-like structure composed of three 
subunits: two distinct light chains of about 205 and 215 kDa, designated 81 and 82 
respectively, and a heavy A chain of 400 kDa (14,35). Assembly properties have been 
ascribed to the heterotrimeric form of this complex molecule ( 14,35). For example, Ln can 
self-aggregate and form an independent meshwork which, in association with the type IV 
collagen network, contributes to the supramolecular structure of the basement membrane 
(14,35,53). Furthermore, studies with tissue and cell culture model systems have indicated 
that Ln mediates several cellular activities, namely the promotion of cell adhesion, migration, 
growth, polarization and/or differentiation, depending on the cell type studied (14, 15,35). 
Such diverse biological functions attributed to Ln are thought to be themselves mediated by 
) various cell membrane receptors, many of which are members of the integrin superfamily 
(23,35). 
) 
ln recent years, the identification of genetically distinct chain variants has revealed that 
the "classical" form of Ln (B 1-A-82) is only one member of a family of structurally-related 
heterotrimers (14, 15,35). One such laminin chain variant, the M chain, has been identified as 
an Achain homologue (15,50) which can associate with the same light Ln subunits (81 and 
82) to form a molecule known as merosin (81-M-82) (15, 18,50). lt is noteworthy that the 
expression and distribution of Ln and merosin are essentially mutually exclusive. lndeed, most 
of the basement membranes studied so far contain either the A chain or the M chain, but not 
both (15, 18,40). ln addition, merosin displays a more specific tissue distribution than Ln, 
being predominantly associated with the basement membranes of placental trophoblasts, 
peripheral nerve and striated muscle (15, 18), as well as in restricted minor sites of liver, brain 
and kidney (15, 18,40,50), among others. Such basement membrane- and/or tissue-specific 
localization is also characteristic of other Ln variants identified to date ( 15, 18,30,31,40) and 
) 
) 
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may reflect specialized functions (14,15,35). 
ln the adult small intestine, the rapidly renewing epithelium contains within its 
functional unit, the crypt-villus axis, essentially two distinct cell populations: the proliferative 
or poorly differentiated crypt cells and the mature enterocytes of the villus. This crypt-villus 
gradient of enterocytic differentiation is further defined by typical morphological and functional 
properties of the f ully diff erentiated villus cell, which easily distinguish it from the crypt cell 
(28,33,41 ). ln both humans (2,4) and rodents (28,46), the heterotrimeric Ln has been 
consistently detected at the epithelial basement membrane without significant variation along 
the intestinal crypt-villus axis. However, in the human, we recently demonstrated a mutually 
exclusive distribution of Ln A and M chains along the intestinal basement membrane (4), 
- thereby providing, for the first time, evidence that Ln variants may be involved in differential 
enterocytic cell-matrix interactions. lndeed, Ln (81-A-82) was found to be exclusively 
associated with the f ully mature villus ce lis, whereas merosin (81-M-82) was found to be 
' restricted to crypt ce lis (4). ln the context of the intestinal crypt-villus f unctional unit, su ch 
reciprocal distribution therefore strongly suggests that Ln variants may differentially modulate 
enterocytic diff erentiation. 
ln the present study, we have investigated this hypothesis by using the human 
enterocyte-like cell line Caco-2, a widely used model of intestinal epithelial absorptive cell 
maturation (11,24,33,36,47.) and functions (1, 12,33,38,45,49). Although cancerous in origin, 
the se ce lis are unique in their property to undergo a graduai enterocytic diff erentiation process 
that takes place spontaneously once confluence has been reached, and which is completed 
after 25-30 days of postconfluent culture (3,9,33,36,4 7). Consequently, Caco-2 cells acquire 
a morphological polarity and show enzymatic activities as well as protein and mRNA levels of 
brush border membrane enzymes, that are highly comparable to those of mature human 
enterocytes (3,9,22,32,33,47,48,52). ln this respect, Caco-2 ce lis have provided an important 
tool to study various aspects of brush border membrane enzyme expression, namely 
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regulation (3,6, 10, 11 ,20,24,32,45,52). Another interesting property of these ce lis is the 
remarkable transient functional and morphological heterogeneity (33,47). Studies at the 
cellular level have consistently revealed that the expression of brush border membrane 
enzymes such as sucrase-isomaltase (3,6,21,33,47), lactase (21 ,33,48), aminopeptidase N 
(3,22,33,48) and alkaline phosphatase (32,48) are highly heterogeneous among differentiating 
cells; white in contrast, the sa me ce lis are homogeneous for dipeptidylpeptidase IV (33,48,52). 
This property is likely intrinsic since it is commonly retained by clones and/or subclones of the 
Caco-2 cell line (3, 10,33,47,48). lnterestingly, we recently reported that such heterogeneous 
patterns of brush border membrane enzyme expression are transient in nature and closely 
parallel the time-course appearances of enzymatic activities and protein expression levels, as 
the cells gradually differentiate (33,47,48). We have therefore exploited this property of Caco-
2 cells to study, at :the cellular level, the expression and biological function of Ln and merosin 
in human enterocytic differentiation. 
-... 
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MATERIALS AND METHODS 
Cel/ culture. The Caco-2/15 cell line, a stable clone of the parent Caco-2 cells (36), has 
been characterized elsewhere (3, 11,47-49). Caco-2/15 cells are known to be poor secretor 
of growth factors (3, 11 ). Cells between passages 53 and 70 were cultured in plastic dishes 
(35-, 60- or 1 OO-mm; Falcon Plastics, Los Angeles, CA), on 13-mm glass coverslips or on 
24.5-mm Transwell-Col culture membranes (0.45-µm pore size; Costar, Cambridge, MAL at 
37°C in an atmosphere of 95% air-5% C02 • The medium used was Dulbecco's modified 
Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS; Gibco/BRL, Life 
Technologies lnc., Burlington, Ont.), 4 mM glutamine, 20 mM N-2-hydroxyethylpiperazine-N'-
- 2-ethanesulfonic acid (HEPES; pH 7 .5), 50 U/ml penicillin and 50 µg/ml streptomycin. Cultures 
were re-fed every 48 h and subcultured serially as described previously (3,47). ln some 
experiments, subclones of the Caco-2/15 cell line were used. These clones (2/15/1 to 
) 2/15/10) were obtained by the cloning cylinder tectinique from Caco-2/15 cells at passage 55, 
and were used at passage 2 after cloning (47). Studies were performed on cultures at -2 
(subconfluence; 50-60% confluence), 0 (confluence) and 1-40 days postconfluence. Data 
obtained from plastic-, glass coverslip- or membrane-cultured Caco-2/15 cells were highly 
similar if not identical. 
"\ 
) 
For the analysis of .... the biological activities of Ln and merosin on Caco-2/15 cell 
differentiation, commercial preparations of human Ln (Gibco/BRL; lots #2A0583, DK5801) and 
human merosin (Gibco/BRL; lots #DJJB01, DDWB02) were resuspended in complete DMEM 
(without FBS) and aliquoted for storage at -80°C. Prier to cell plating, Ln ( 1 µg/cm2), merosin 
(2µg/cm2) or DMEM-containing FBS (as control) were added onto the surfaces of 35-, 60-mm 
plastic dishes or 13-mm coverslip, then incubated 90 min at 37 °C to allow de position, before 
removal of the excess solution by aspiration. Cells to be used in each experiment were initially 
seeded at identical cell densities and cultivated as above. Cultures were processed for in situ 
indirect immunofluorescence or Western blotting (see below) after controls have reached 2 
) 
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days of postconfluent culture. 
Primary antibodies. The antibodies used in this work were the monoclonals 4C7 ( 18) 
and mAb428005 (Gibco/BRL) directed against the human Ln Achain; mAb1921 (Chemicon 
International, El Segundo, CA) and 3E5 (18), both directed against the human Ln 81 chain; 
mAb1920 (Chemicon International) and 2E8 (17, 18) directed against the human Ln 82 chain; 
and the monoclonals 5H2 (18,40) and 2G9 (18,40), both directed against the human M chain. 
The hum an brush border membrane hydrolase sucrase-isomaltase ·(SI), a well characterized 
marker of enterocytic differentiation (28,33,41), was detected with the monoclonals HSl-9 
and HSl-14 specifically directed against sucrase and isomaltase, respectively (6). Other 
- intestinal brush border membrane enzymes, namely lactase, aminopeptidase N, 
dipeptidylpeptidas~ IV and alkaline phosphatase were detected with mLac 1 (29), APN-1 
(11,26), DA0-7/219 (12) and AbM28 (Serotec, Cedarlane Laboratories, Hornby, Ont.), 
respectively. Human cytokeratin 18 was deteèted with the monoclonal CY90 (Sigma 
Chemicals Co., St-Louis, MO). A rabbit specific antiserum directed against Ln was used as 
well in the present study, as described elsewhere (2,4,49). The Ab428004 (Calbiochem, La 
Jolla, CA) was directed against purified Ln from human placenta. 
Indirect immunofluor(fJscence. The preparation and OCT (optimum cutting temperature 
embedding compound; Miles Tek, Elkhart, IN) embedding of cultures for cryosectioning was 
perfor.med as previously described (47,49). Frozen sections 2-3 µm thick, eut on a Jung 
Frigocut 2800N cryostat (Leica Canada lnc., Saint-Laurent, Qué.), were spread on silane-
coated glass slides, then air-dried 1 h at room temperature before storage at -80°C. For 
indirect immunofluorescence, sections were fixed with methanol (10 min, -20°C) or with 1 % 
formaldehyde in phosphate buffered saline (PBS; pH 7.4) (45 min, 4°C), before 
immunostaining as described elsewhere (2,4, 7,4 7,49). Ascites were diluted 1:50-1:1 OO 
·) (mAb428005, 2E8, mAb1921, mAb1920, AbM28, DA0-7/219, HSl-9 and HSl-14, 1:100; 
VACHON AND BEAULIEU 8 
mLac1 and APN-1, 1 :50) in 2% bovine serum albumin (BSA)-PBS. Hybridoma conditioned 
media were diluted 1 :3 (4C7, 2G9, 5H2 and 3E5). The detection of intestinal brush border 
membrane enzymes in substrata-cultured Caco-2/15 cells (see first section) was performed 
by in situ indirect immunofluorescence. Cells were rinsed with PBS, fixed with 1 % 
formaldehyde and processed for immunostaining as described previously (3,47). Fluorescein 
(FITC)-conjugated goat anti-mouse lgG (Boehringer Mannheim Canada, Laval, Oué.) were used 
as secondary antibodies at a working dilution of 1 :25. Frozen sections or coverslip-cultured 
cells were counterstained with 0.01 % Evan's blue in PBS. Preparations were finally mounted 
in glycerol-PBS (9: 1) containing O. 1 % paraphenylene diamine and viewed with a Reichert 
Polyvar 2 microscope (Leica Canada) equipped for epifluorescence, with x25 and x1 OO 
-objectives. ln all cases, no immunofluorescent staining was observed when primary antibodies 
were replaced by mouse non-immune serum. For the evaluation of the proportion of 
immunoreactive Caco-2/15 cells for each respective antigen, a minimum of 300 cells were 
) counted for each culture stage studied or experiment, as described elsewhere (4 7). Labeling 
indexes were expressed as the percentage of positive cells over the total number of cells 
(nuclei) counted, ± S.E.M. (n2!::3). 
To verify at the cellular level a possible correlation between the basal expression of Ln 
A chain and the apical expression of SI in Caco-2/15 cells, double labeling 
immunofluorescence assays .y.rere also performed. Brietly, sections were fixed, blocked in 2% 
BSA-PBS (45 min, 23°C) then incubated with the 4C7 or mAb428005 monoclonals, followed 
by a lissamine-rhodamine (RHD)-conjugated goat anti-mouse lgG (Boehringer Mannheim) 
diluted 1 :25 in BSA-PBS. After washes in PBS and saturation (30 min, 23 °C) with non-
immune mouse serum (Sigma), sections were incubated with the monoclonal HSl-14 
biotinylated with sulfo-NHS-biotin (Pierce, Rockford, IL), followed by FITC-conjugated 
streptavidin (Boehringer Mannheim) diluted 1 :30 in BSA-PBS. Preparations were then mounted 
and viewed for the scoring of Ln A-positive (basal staining) versus SI-positive (apical staining) 
, cells as described above. 
) 
j 
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Gel electrophoresis and immunoblotting. Sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SOS-PAGE) was performed according to the method already described (3-6) 
on 8% acrylamide gels. Total protein from Caco-2/15 cell lysates were obtained after medium 
removal, PBS washes and scraping of ce lis in X 1 solubilization buffer (2.3 % SOS, 10% 
glycerol and 0.001 % bromophenol blue in 62.5 mM Tris-HCI, pH 6.8) containing 5% ~­
mercaptoethanol. Proteins released by Caco-2/15 cells were recovered from centrifuged (800 
rpm, 10 min, 4°C) 24h-conditioned FBS-free media, after concentration (X40 factor) in 
Centriprep-30 concentrators (Amicon Canada Ltd., Oakville, Ont.) and dilution of the 
concentrates with X 2 solubilisation buffer (1 :2). Caco-2/15 cell extracellular matrix was 
isolated for analysis by 20 mM NH40H lysis according to Boyd et al. (8) then collected in 1 X 
- solubilization butter. Ali samples were boiled ( 105 ° Cl for 5 min, cleared by centrifugation 
(13,000 rpm, 5 mi_n, 20°C) and aliquoted for storage at -80°C. Equal volumes were loaded 
for each culture stage studied. Separated proteins were transferred onto nitrocellulose 
• membranes (lmmunoSelect, Gibco/BRL) as described elsewhere (3-5). Proteins and molecular 
weight markers (45-200 kDa range; BioRad, Mississauga, Ont.) were localized by staining with 
Ponceau red. 
lmmunoblotting experiments were performed essentially according to the procedure 
already described (4-5). Briefly, membranes were blocked overnight at room temperature in 
PBS containing 10% Blotto _and incubated with either Ab428004, CY90 or an equal mixture 
of HSl-9 and HSl-14, diluted 1:400-1:1000 (Ab428004, 1 :400; HSl-9 and HSl-14, 1 :500; 
CY90, 1: 1000) in the blocking solution. After washing in PBS, membranes were incubated 
with an alkaline phosphatase-conjugated goat anti-mouse lgG (BioRad) or with a biotin-
conjugated goat anti-rabbit lgG (Boehringer Mannheim) diluted 1 :2000 in 10% Blotto-PBS, 
then processed for alkaline phosphatase detection according to the instructions of the 
manufacturers. 
Finally, membranes were scanned by laser densitometry with an UltroScan XL scanner 
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absorbance units (AU) and millimetres (mm). Since cell number and protein amount increase 
during Caco-2 cell differentiation (3, 11,24,36), values from cell lysates were compared 
between culture stage_s according to the relative amounts of cytokeratin 1 8, chosen as an 
indicator of cell number and protein quantity per any given Caco-2/15 cell culture. Likewise 
for values from conditioned media, the amount of protein released into the culture medium is 
related to cell number (12,38). Values from isolated extracellular matrix samples were 
expressed per 10 cm2 culture area, since the amount of deposited extracellular matrix 
polypeptides in vitro is related to the area upon which it is accumulated ( 1,8, 13, 19,53). 
Statistical analysis. The unpaired, two-tailed Student's t-test was used as a statistical 
test. Results, expressed as means ± S.E.M., were considered as significant when Ps0.05. 
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RESULTS 
Ln and merosin staining .in Caco-2115 cel/s. The expression of the individual subunits 
of human Ln and merosin was first investigated by indirect immunofluorescence, with a panel 
of specific monoclonal antibodies, on frozen sections of Caco-2/15 cells at various culture 
stages. As summarized in Fig. 1, Caco-2/15 cells were found to express the A, B 1 and 82 
chains of Ln, but not the M chain of merosin. lmmunodetection of the A chain with the 4C7 
or mAb428005 monoclonals revealed that the cells expressed this subunit predominantly at 
their basal aspect, according to an heterogeneous pattern (Fig. 1 B). As shown by a graduai 
increase of the proportion of Ln A-positive cells (Fig. 2), this heterogeneous pattern of 
expression was revealed as a transient phenomenon which paralleled that of the intestinal 
differentiation marker SI (Fig. 1A; Fig. 2). Both the B 1 (with the mAb 1921 or 3E5 
monoclonals) and 82 (with the mAb 1920 or 2E8 monoclonals) chains of Ln were found 
) expressed widespreadly in most cells (Fig. 1 C) anèi the labeling indexes for these two chains 
remained relatively constant at all culture stages studied (Fig. 2). Finally, bath the 2G9 and 
5H2 monoclonals directed against the M chain of merosin failed to stain Caco-2/15 cells, 
regardless of their differentiation stage (Fig. 1 D). 
) 
Corre/ation between. SI and Ln A chain expression in Caco-2115 cells. The apparent 
relationship between the transient heterogeneous patterns of SI and Ln A chain expression in 
Caco-2/15 cells was further investigated. The labeling indexes for SI and Ln A were first 
determined by indirect immunofluorescence in subclones (2/15/1 to 2/15/10) of the Caco-2/15 
cell line, with the HSl-14 and 4C7 monoclonals respectively. As summarized in Table 1, SI 
labeling indexes at 1 2-day postconfluence varied among the ten subclones, ranging from very 
low {clone 2/15/9, 1.3%) to high {clone 2/15/7, 72.4%), by comparison to the parental Caco-
2/15 cells (62.8%). Variability in SI expression between clones andior subclones of Caco-2 
cells is a recognized occurrence (3, 10,33). lnterestingly, both a retainment of the 
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heterogeneous pattern of Ln A chain expression and a variability in the proportion of Ln A-
expressing cells were noted in all ten subclones analyzed herein (Table 1 ). ln addition, a very 
good correlation (r = + 0.8467) was established between the labeling indexes of SI and the A 
subunit of Ln. Clones exhibiting a low proportion of SI-positive cells were generally likewise 
for Ln A (clone 2/15/2, as example: 2.3% versus 9.8% respectively; Table 1) whereas clones 
with high SI labeling indexes also displayed comparable proportions of Ln A-positive cells 
(clone 2/15/7, as example: 72.4% versus 71. 1 % respectively; Table 1). 
To verify, at the cellular level, the correlation between the apical expression of SI and 
the basal expression of the A chain of Ln, double labeling immunofluorescence assays on 
frozen sections of 12-day postconfluent membrane-cultured Caco-2/15 cells were performed. 
As shown in Fig. 3 and summarized in Table 2, nearly all cells that had their apical aspect 
stained for SI (55.6% from a total 58.0%; Table 2) were found positive as well for the A 
subunit of Ln at their basal aspect (compare Fig. 3, A versus 8). Conversely, most of the Ln 
) A-positive cells (55.6% from a total 68.8%; Tabie 2) were found positive for SI, therefore 
confirming a strong relationship between SI and Ln A chain expression in Caco-2/15 cells. 
Expression of Ln subunits during Caco-2/15 ce// differentiation. To further characterize 
the expression profiles of Ln subunits in relation to Caco-2/15 cell differentiation, relative 
expression levels of the A, _81 and 82 chains were examined by Western blotting at various 
culture stages. ln samples of either Caco-2/15 cell lysate, concentrated FBS-free conditioned 
medium or isolated extracellular matrix, the human-specific Ab428004 antiserum consistently 
detected a band at - 350-370 kDa and a major broad band at - 205-220 kDa (Fig. 4A). The 
latter was referred to as the B 1-82 chains, whereas the former was referred to as an A-like 
chain since immunodetection on frozen sections with different specific monoclonal antibodies 
stained the cells for the Achain but not for the M chain (Fig.18,D). 
ln cell lysates, comparative Western blotting and densitometric analysis of Ln 
) polypeptides with cytokeratin 18 (CYT-18) indicated that a down-regulation in the relative 
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abundance of all three chains occurred as Caco-2/15 cells differentiated (Table 3). Although 
the A/CYT-18 and B 1-82/CYT-18 ratios were found to increase between -2 days 
postconfluence and confluence, these ratios gradually decreased from this stage to reach a 
minimum after 30 days of postconfluence (Table 3). ln addition, the relative abundance of ail 
three chains of Ln in 24 conditioned FBS-free media decreased significantly as well, during the 
same period (Table 3). lt is noteworthy that, during the preparation of this paper, Levy et al. 
reported that a similar phenomenon occurs in parental Caco-2 cells, between 0 and 6 days of 
postconfluence (27). To further investigate this phenomenon, the deposition of Ln as insoluble 
extracellular material was also studied herein. Western blot analysis of isolated extracellular 
matrices (Fig. 4A and 8) revealed that an increase in the deposition of Ln (81-A-82) molecules 
occurred despite the down-regulation observed in cell lysates and media. lndeed, a graduai 
accumulation of the A-like chain was clearly noted between -2 and 30 days of postconfluence 
(Fig. 4A and 8), while the deposition of 81-82 chains increased between -2 and 10 days and 
) remained relatively constant from then on (Fig. 4À and 8). Moreover, it is pertinent to note 
that a substantial increase in the relative abundance of the A-like chain over that of the B 1-82 
chains in the insoluble extracellular material closely paralleled Caco-2/15 cell enterocytic 
differentiation (Fig. 4Cl. 
Effects of Ln and merosin on Caco-2115 ce// differentiation. To further investigate the 
potential involvement of Ln molecules in the promotion of SI expression, Caco-2/15 cells were 
seeded onto 1 µg/cm 2 of human Ln and grown until 2 days of postconfluence, before 
performing in situ indirect immunofluorescence and Western blot analysis for the detection of 
SI. For comparison, cells were also cultured onto FBS (as contrai) or 2 µg/cm 2 of human 
merosin. Characterization of these substrates by Western blotting with the Ab428004 
antiserum indicated that the purified Ln preparations (obtained after mild pepsin digestion) 
consisted of A and 81 /82 chains (Fig. 5A, fane 1), whereas the merosin preparations 
) predominantly contained the - 300 kDa (under reducing conditions ( 14, 15,50)) M chaina long 
) 
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with the 81/82 subunits (Fig. 5A, Jane 2). As illustrated in Fig. 58 and summarized in Table 
4, Western blot analysis of substrata-cultured Caco-2/15 cells indicated that Ln acts as a 
potent promoter of SI expression. lndeed, at 2-day postconfluence, low SI protein levels were 
detected with the HSl-9/HSl-14 antibody mixture in control cultures (Fig. 58, upper panel, Jane 
1) as well as in cells grown on merosin (Fig. 58, upper panel, lane 3) while relatively high 
levels were detected in cells cultured on Ln (Fig. 58, upper panel, lane 2). This apparent 
differential effect of Ln and merosin on SI expression was confirmed by comparing the relative 
amounts of SI with those of cytokeratin 18, which remained relatively constant regardless of 
the substratum on which the Caco-2/15 cells were grown (Fig. 58, lower pane{). The 
comparative densitometric data presented in Table 4 confirmed that Ln promotes significantly 
the expression of SI, whereas merosin has no significant effect. This was also evidenced by 
in situ indirect immunofluorescence (Fig 6A-C; Table 5), where 2 day postconfluent control 
(Fig. 6A) and merosin-cultured (Fig. 6C) cell monolayers exhibited small proportions of SI-
' positive cells (13.7% and 19.1 %, respectively; Table 5), as opposed to Ln-cultured (Fig. 68) 
monolayers (41.4%; Table 5). 
The differential effects of Ln and merosin on SI expression were further characterized 
by extending our analysis to other well known intestinal brush border enzymes (Fig. 6; Table 
5). As was the case for SI, Ln was revealed to be a potent promoter of lactase expression in 
2 day postconfluent Caco-2/15·cells by dramatically increasing the proportion of expressing 
cells (Table 5), as compared to control and merosin-cultured monolayers . On the other hand, 
both Ln and merosin were found to exert significant positive modulatory effects on the 
expression of aminopeptidase N (Fig. 6E,F, Table 5) and alkaline phosphatase (Table 5), as 
compared to control cultures (Fig. 60 and Table 5). Finally, no variation in the proportion of 
dipeptidylpeptidase IV-expressing cells related to the substratum used was observed (Fig. 6 
G-1; Table 5). 
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DISCUSSION 
To further our understanding of the involvement of Ln molecules in the promotion of 
human intestinal epithelial cell differentiation, we first analyzed the expression of Ln 
polypeptides in the human enterocyte-like Caco-2/15 cells. By indirect immunofluorescence 
and Western blotting, we found that Caco-2/15 cells express the 81 and 82 chains of Ln, as 
well as a heavy - 350-370 kDa chain similar to the human Achain ( -400 kDa), but not the 
M chain of merosin. Expression and deposition of A and 81 /82 chains of Ln in the intestinal 
basement membrane have been shown to result from the contribution of both epithelial and 
stroma! cells (25,28,42,49), whereas the synthesis of the M subunit of merosin may originate 
exclusively from fibroblasts (50). The expression of Ln polypeptides by Caco-2 cells, as 
reported here and elsewhere (27,49), and their lack of M chain expression is therefore 
consistent with these findings. Post-transcriptional mechanisms have been recently 
) demonstrated in the regulation of biosynthesis, processing, assembly and deposition of Ln 
molecules ( 13, 14,30,35,44,53). Since these contrai mechanisms may be affected by culture 
conditions such as a lack of reciprocal epithelial-stromal interactions (34,41), specific 
hormones and growth factors (34,41,44), or by the origin of the cells themselves (13,39,44), 
the A-like chain detected herein and by others (27) is likely to represent a biologically active 
but altered version of the hµman A chain expressed in vivo. lndeed, we have found it to be 
more closely related to the A chain (by its recognition by the A chain specific 4C7 and 
mA8428005 monoclonal and its apparent Mr of - 350-370 kDa) than to any other human A 
chain variants identified to date ( 14, 15,30,31,39,43). 
ln any event, we have observed a graduai extracellular accumulation of A (or A-like) 
chain-containing Ln molecules as Caco-2/15 cells undergo enterocytic differentiation. This has 
been demonstrated at the cellular level by an increase in the proportion of cells stained at their 
basal aspect for the A-like chain, which paralleled the labeling indexes for SI apical staining, 
) and by the relative abundance of Ln subunits which increases significantly in concomitance 
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with the extracellular matrix deposited by the ce lis. ln addition, the secret ion prof iles of all 
three chains decreases as Caco-2/15 cells differentiate, a strong indicator of Ln deposition 
(13,42). These observations are consistent with previous studies that have shown that rodent 
intestinal epithelial cell maturation correlates with an increased deposition of Ln molecules 
(28,42). Moreover, the fact that the differentiation-related accumulation of Ln in Caco-2/15 
cultures occurs mainly through an increased deposition of A-like chains, as shown by a 
progressive increase of the A/B 1-82 ratio in isolated extra cellular matrices, agrees well with 
the recent demonstration that de position of Ln is dependent upon A chain expression ( 13). lt 
is noteworthy that an apparent down-regulation of the relative abundance of all three Ln 
subunits was noted in our Western blotting analyses of Caco-2/15 cell lysates, in comparison 
with the profiles observed for the expression of cytokeratin 18 (CYT-18). lndeed, the A/CYT-
18andB1-82/CYT-18 ratios were found to decrease significantly in order to reach basal levels 
once the cells were fully differentiated. Such down-regulation, also recently demonstrated in 
) the parental Caco-2 cell line (27), is likely to refleèt the in vivo situation where the epithelial 
contribution of Ln in the intestinal basement membrane is thought to be down-modulated by 
the state of differentiation (28,51) and a very slow turnover of deposited Ln molecules (46). 
ln differentiating Caco-2/15 cell cultures, the result would thus pe a graduai extracellular 
accumulation of Ln molecules, as observed herein. 
ln the hum an small in~estine, we have recently demonstrated that Ln is associated with 
the diff erentiated (villus) enterocytes, whereas merosin (B 1-M-82) is conf ined to the base ment 
membrane of the crypts (4). These observations suggested an important role for Ln in the 
modulation of human intestinal epithelial cell differentiation. The diff erentiation-related 
deposition of A-like chain-containing Ln molecules by Caco-2/15 cells consequently bears 
relevance to the in vivo situation. This assumption is f urther supported by a very good 
correlation (r = + 0.8467) between the labeling indexes for the A-like chain and for SI among 
the ten subclones of the Caco-2/15 cell line analyzed herein, as well by double labeling indirect 
immunofluorescence that reveales, at the cellular level, a clear relationship between SI apical 
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expression and Ln A-like basal staining in diff erentiating cells. 
A direct evidence of the involvement of Ln in the regulation of SI expression was 
obtained by growing Caco-2/15 cells on purified human Ln. lndeed, bath the proportion of SI-
expressing cells and the relative abundance SI protein levels have been found to be 
significantly increased after only 2 days of postconfluent culture, in comparison to contrai and 
merosin-cultured monolayers grown under identical conditions. Although in vitro studies with 
rat small intestinal epithelial primary cell cultures have shown that Ln can positively modulate 
enterocytic polarization and the expression of lactase and alkaline phosphatase (19,42), the 
promotion of SI expression by Ln has never previously been observed. lnterestingly, as 
reported in the animal model ( 19,42), we have found that the expression of lactase is indeed 
promoted by Ln but, as observed herein for SI, not affected by merosin. On the other hand, 
aminopeptidase N and alkaline phosphatase expression have been found to be signif icantly 
affected by both Ln and merosin, whereas dipeptidylpeptidase IV expression has not been 
) significantly influenced. 
ln the context of the differential distribution of Ln and merosin in the human small 
intestine (4), and of the previous characterizations of the expression of intestinal brush border 
membrane enzymes a long the hum an crypt-villus axis (6.21,28,29,33,3 7), these observations 
strongly argue for a differential modulation of enterocytic differentiation by Ln and merosin. 
lndeed, both lactase and the mature (enzymatically active) form of SI are exclusively 
expressed by villus enterocytes (6,21,28,29,33), whereas aminopeptidase N, alkaline 
phosphatase and dipeptidylpeptidase IV are detected at the surf ace of both crypt and villus 
cells (28,33,37). The expression and enzymatic activities of these enzymes are susceptible 
to differential regulation by growth factors and hormones (3, 11, 12,24,28,33), as well as to 
complex transcriptional, post-transcriptional and post-translational contrai mechanisms 
(3,6, 10-12,20,28,32,33,52). The level(s) at which Ln and/or merosin intervene during the 
enterocytic differentiation process remains to be determined. For instance, our demonstration 
that Ln positively modulates bath SI and lactase could suggest a superseding or coordinating 
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influence of Ln, considering the recent report (20) of an opposite regulation of lactase and SI 
biosynthesis, through cAMP and corticosteroids. 
The identification of Ln variants has often suggested the possibility of specific biological 
activities for individual members of the increasing Ln family ( 14, 15,30,31,35,40), and 
evidence for such variant-specific functions has only recently begun to accumulate. For 
example, the skin-specific variant kalinin has been shown to be more effective than EHS-
extracted Ln in the promotion of epithelial cell adhesion (39,43). Although bath Ln and 
merosin seem to exert similar effects on cell attachment and neurite outgrowth ( 1 6), we have 
provided here for the first time direct evidence of functional differences between Ln and 
merosin. The molecular basis by which such differential modulation may be exerted along the 
intestinal crypt-villus axis remains, however, to be elucidated. A differential expression of 
integrin receptors for Ln, as we have aire ad y reported for the human small intestinal epithelium 
(2,4), is likely to constitute such a basis (23). lndeed, it has been recently shown that 
) keratinocyte adhesion to kalinin requires a differènt combination of integrin receptors than 
those used for adhesion to Ln (39,43). The integrin repertoire expressed by Caco-2 ce lis ( 1) 
would thus need to be fully characterized to elucidate the mechanisms underlying the 
differential modulation, by Ln and merosin, of the enterocytic differentiation process. 
Taken together, these data delineate the complex nature of the modulatory signais 
involved in the regulation of _enterocytic differentiation-related gene expression. lt is now clear 
that the expression of intestinal brush border membrane enzymes is not only susceptible to 
differential influences from growth factors and hormones, but also to the deposition of specific 
basement membrane components, such as Ln, and to a differential modulation from variant 
forms of these components. Dissection of the molecular mechanisms involved in the 
differential modulation by Ln and merosin along the crypt-villus axis, especially in regards to 
a potential differential utilization of receptors for these components, should advance our 
understanding of the intricate contrais responsible for the achievement and/or maintenance 
) of human enterocytic differentiation. 
) 
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Representative indirect immunofluorescence micrographs of cryosections of 
membrane-cultured Caco-2/15 cell monolayers (after 12 days of 
postconfluence), stained for the detection of (A) sucrase-isomaltase (SI) with the 
HSl-14 monoclonal, (8) the A chain of human Ln with the 4C7 monoclonal, (C) 
the B 1 chain of human Ln with the 3E5 monoclonal, and (D) the M chain of 
human merosin with the 2G9 monoclonal. Take note that SI (A) and Ln A (8) are 
heterogeneously expressed at this stage, in contrast to Ln B 1 (C). The absence 
of staining for the M chain (D) was identical to contrais where antibodies had 
been replaced with non-immune mouse serum. Results in (C) were similar with 
the monoclonal 2E8 directed to the 82 chain of human Ln. Arrowhead, apical 
surface; arrow, basal surface. (Original magnification, X315; bar = 50 µm). 
Expression of sucrase-isomaltase (SI; closed circles), Ln A (open circles), Ln 81 
(open squares) and Ln 82 (closed squares) during the differentiation of Caco-
2/15 cells. The estimation of the proportion of immunoreactive cells was 
performed by indirect immunofluorescence on cryosections stained with the HSl-
14, 4C7, 3E5 and 2E8 monoclonals, respectively. A minimum of 300 ce lis was 
counted for t~e establishment of the labeling indexes at each culture stage for 
each antigen, per culture. Values represent means ± S.E.M. of three separate and 
independent cultures. 
Relationship of apical expression of sucrase-isomaltase (SI) and basal expression 
of Ln Achain in Caco-2/15 cells. Representative micrographs of cryosections of 
membrane-cultured Caco-2/15 cell monolayers (after 12 days of 
postconfluence), stained by double immunofluorescence for the detection of the 
Achain of Ln (A) and SI (8) with the 4C7 and HSl-14 monoclonals, respectively. 
Bound 4C7 and biotinylated HSl-14 antibodies were revealed with an RHO-
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Figure 4. 
Figure 5. 
conjugated secondary antibody and FITC-conjugated streptavidin, respectively. 
Arrowhead, apical surface; arrow, basal surface. (Original magnification, X918; 
bar = 25 µm). 
Extracellular deposition of Ln molecules during Caco-2/15 cell differentiation. (A) 
Representative Western blot analysis of Ln polypeptides deposited at-2 (fane 1), 
0 (fane 2), 10 (fane 3) and 30 (fane 4) days of postconfluence in isolated 
extracellular matrices. Proteins were separated by SDS-8%PAGE under reducing 
conditions, electro-transferred onto nitrocellulose membranes, then probed with 
the Ab428004 antiserum which revealed B 1 and 82 chains (- 205-220 kDa) as 
a broad band (B 1 /82), as well as an A-like chain (A, - 350-370 kDa). Equal 
volumes were loaded from each culture stage studied. Molecular weight markers 
are indicated in thousands. (Bl Estimation of the relative abundance of the A and 
81 /82 chains of Ln in extracellular matrices deposited during Caco-2/15 cell 
differentiation. Total proteins from isolated extracellular matrices were separated 
and probed as represented in A, then scanned by laser densitometry. Total peak 
areas (output) were expressed in absorbance units (AU) X millimetres (mm)/10 
cm 2 of culture area. The deposition profiles were determined for the A (open 
circles) and B 1 /82 (closed circles) chains of Ln at -2, 0, 10 and 30 day 
postconfluence, in order to establish the ratios A/B 1-82 (C). The data represent 
means ± S.E.M. from three separate and independent cultures. 
Effect of Ln variants on the expression of sucrase-isomaltase (Sil in Caco-2/15 
cells. (A) Representative Western blot analysis of Ln polypeptides in the human 
Ln (5 µg/well; fane 1) and human merosin (5 µg/well; fane 2) commercial 
preparations used as substrata. Proteins were separated by SDS-8%PAGE under 
reducing conditions, electro-transferred onto nitrocellulose membranes, then 
probed with the Ab428004 antiserum which revealed the B 1 and 82 chains 
(-205 and -225 kDa; 81/82; fanes 1-2). the Achain (-400 kDa; A; fane 1), 
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Figure 6. 
and the M ch a in {- 300 kDa; M; Jane 2). (8) Representative Western blot 
analyses of SI and cytokeratin 18 (CYT-18) expression in Caco-2/ 15 cells 
cultured in 35-mm dishes coated with FBS (as contrai; fane 1), human Ln (fane 
2) or hum an merosin (fane 3). Ce lis were seeded at equal densities and grown 
until 2 days of postconfluence before harvesting. Total proteins were separated 
and electro-transferred as in A, then probed with an equal mixture of the HSl-9 
and HSl-14 monoclonals {upper panel) or with the CY90 monoclonal (lower 
panel). Molecular weight markers are indicated in thousands. 
Modulatory influence of Ln variants on the expression of intestinal brush border 
membrane enzymes in Caco-2/15 cells. Representative in situ indirect 
immunofluorescence micrographs of 2 day postconfluent Caco-2/15 cell 
monolayers grown on 13-mm coverslip coated with FBS (as contrai; A,D,Gl, 
human Ln (8,E,Hl or human merosin (C,F,/l, and stained for the detection of 
sucrase-isomaltase {SI; A-C), aminopeptidase N {APN; D-Fl or 
dipeptidylpeptidase IV {DPPIV; G-/l with the HSl-14, APN: 1 and DA0-7 /219 
monoclonals, respectively. At this stage, small proportions of control ce lis 
expressed SI {Al or APN {D) according to a heterogeneous pattern, whereas 
nearly all cells had their apical surface stained for DPPIV (G). Only Ln acted as 
a positive modulator for SI (8), since the proportion of ce lis stained was 
dramatically increased (compare A versus 8). Both Ln and merosin positively 
modulated APN {E and F, respectively), whereas the proportion of DPPIV-
positive ce lis remained unchanged regardless of the substrata used (G-/l. 
{Original magnification X153; bar= 1 OO µm). 
--) 
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Table 1. Proportion of sucrase-isomaltase- and Ln A chain-expressing cells 
in Caco-2/15 subclones at 12 days postconfluence 
% of expressing cells 
Subclone SI Ln Achain 
Parent 62.8±2.0 65.6±2.5 
1 66.9±1.6 69.6±1.7 
2 2.3±0.8 9.8±0.4 
3 54.2±1.3 55.4±1.4 
4 7.3±1.5 9.7 ± 0.9 
5 22.3 ± 2.1 44.5±1.1 
6 33.5±1.6 54.2±1.4 
7 72.4±0.5 71.1 ± 1.3 
8 4.9 ± 1.1 23.5±1.4 
9 1.3±0.2 47.5±2.2 
10 21.2 ± 0.9 37.5±1.1 
31 
For each clone (Caco-2/15/1 to 10) and the parent Caco-2/15 cell line, cryosections of 12 
days postconfluent cells were stained by indirect immunofluorescence with the HSl-14 or the 
4C7 monoclonals, for the estimation of the proportion of sucrase-isomaltase (SI)- and Ln A 
chain-immunoreactive cells, respectively. A minimum of 300 cells was counted for the 
establishment of the labeling indexes for each antigen, per clone, per experiment. Values 
represent means ± S.E.M. of three separate experiments. Note that the correlation coefficient 
between SI and Ln A expression is very good (r= +0.8467). 
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Table 2. Relationship between the heterogeneous patterns of sucrase-
isomaltase brush border expression and Ln A chain basal 
expression, in 12 day postconfluent Caco-2/15 cells 
% SI-positive cells 
(total%: 58.0±2.3) 
% Sl-negative cells 
(total %: 42.0 ± 2.3) 
% Ln Achain-
positive cells 
(total %: 68.8 ± 1.1) 
55.6± 2.2 
13.2 ± 1.6 
% Ln Achain-
negative cells 
(total % : 31 .2 ± 1. 1) 
2.4±0.6 
28.8 ±0.8 
Caco-2/15 cells were seeded onto Transwell-Col culture membranes and 
cultured until 12 days postconfluence, then embedded for cryosectionning. 
Frozen sections were stained by double labeling indirect immunofluorescence for 
the estimation of the proportion of sucrase-isomaltase (SI)- and Ln A chain-
expressing and/or non-expressing cells, with the HSl-14 and 4C7 antibodies, 
respectively. A minimum of 300 cells was counted for the determination of 
double labeling indexes, per culture. Values represent means ± S.E.M. from four 
separate cultures. 
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Estimation of the relative abundance of Ln A and Ln B 1-82 chain prote in levels during enterocytic 
differentiation of Caco-2/15 cells, in comparison of cytokeratin 18. 
Days Ln A Ln B1-B2 CYT-18 Ratio Ratio 81· 
(PC) (AU x mm) (AU x mm) (AU x mm) A/CYT-18 82/CYT-18 
-2 0.026 ± 0.006 1.481±0.103 0.575 ± 0.035 0.045 ± 0.010 2.603 ± 0.264 
0 0.186±0.015* 5.434±0.539* 1.665 ±0.037* 0.111 ±0.007* 3.278 ± 0.375 + 
10 0.080 ± 0.01 O* 1 .942 ±o. 114 * 3.695 ± 0.078* 0.022 ± 0.003 + 0.527 ± 0.041 * 
30 0.023 ± 0.009 1.479 ± 0.036 9.378 ± 0.333 + 0.002 ± 0.001 + 0.158±0.003* 
-2 0.141 ±0.010 0.158±0.015 0.24 7 ± 0.024 0.275 ± 0.021 
0 0.105 ± 0.006* 0.169 ::t 0.022 0.063 ± 0.004 * 0.101 ± 0.011. 
10 0.033 ± 0.004. 0.055 ± 0.01 o· 0.009 ± 0.001. 0.015±0.003* 
30 0.020 ± 0.003 * 0.034 ± 0.005. 0.002±0.0002* 0.004 ± 0.0004. 
Total proteins from Caco-2/15 cell lysates or from concentrated 24 h conditioned FBS-free media were analyzed by 
Western blot with the Ab428004 antiserum for the detection of the A and B 1-82 chains of hum an Ln, or (for cell lysates only) 
with the CY90 monoclonal directed to hum an cytokeratin 18 (CYT-18). The expression prof iles for the A, B 1-82 chains of Ln and 
CYT-18 were then determined by laser densitometry, where the output (peak are as) was expressed in absorbance units (AU) 
X millimetres (mm), in order to establish the ratios Ln A/CYT-18 and Ln B 1-82/CYT-18. Because the amount of proteins released 
in the culture medium is related to the number of cells in a culture, such ratios were established as well for Caco-2/15 cell 24 
h-conditioned media using the CYT-18 relative amounts detected in cell lysates. The data represent means ± S.E.M. from three 
separate experiments. * Statistically significant difference between 0-30 days postconf luence (PC) stages when compared with 
the -2 days PC stage. 
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Table 4. Estimation of the relative abundance of sucrase-isomaltase protein 
levels in 2 day postconfluent Caco-2/1 5 cells cultured onto 
different substrata, in comparison to cytokeratin 18 
Substratum SI (AU X mm) CYT-18 (AU X mm) Ratio Sl/CYT-18 
Control 0.124 ± 0.039 0.978 ± 0.074 0.130 ± 0.024 
merosin 0.170 ± 0.028 0.981 ± 0.096 0.143 ± 0.033 
Ln 0.589 ± 0.084 +# 0.968 ± 0.059 0.616±0.052+# 
Caco-2/15 cells were plated at equal densities in 35-mm dishes coated with FBS (as contrai), 
human Ln or human merosin. Total proteins were analyzed by Western blot with an equal 
' 
mixture of the HSl-9 and HSl-14 monoclonals directed to the sucrase-isomaltase (SI) complex, 
or with the CY90 monoclonal directed against hum an cytokeratin 18 (CYT-18). The expression 
profiles of SI and CYT-18 were then determined by laser densitometry, where the output (peak 
areas) was expressed in absorbance units (AU) X millimetres (mm), in order to establish the 
ratios Sl/CYT-18. The data represent means ± S.E.M. fromthree separate cultures. Statistically 
significant differences between Ln- and merosin-cultured cells ( +), as well as between 
substrata-cultured and contrai ce lis (#), are indicated. 
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Table 5. Promoting eff ects of human Ln and merosin on the expression of 
intestinal brush border membrane enzymes in Caco-2/15 cells 
35 
Proportion of expressing Caco-2/15 cells at 2 days PC (%) 
Substratum SI LAC APN ALP DPPIV 
Contrai 12.8±1.3 21.2±1.9 33.7±2.4 39.3±1.7 98.1±1.4 
Merosin 15.7±1.2 25.0± 2.2 45.4± 2.0# 83.4±2.6# 97.6±2.5 
Ln 41.3±0.8*# 43.1 ±3.8*# 51.4± 1.7# 81.0 ± 3.0# 96.9 ± 1.8 
For each experiment, cells were plated at equal densities on 13-mm caver glasses treated with 
.~-} FBS (as contrai), human merosin or human Ln ,and grown until 2 days postconfluence. 
Cultures were then stained by in situ indirect immunofluorescence to determine the proportion 
of expressing cells for the brush border membrane enzymes sucrase-isomaltase (SI), lactase 
(LAC), aminopeptidase N (APN), alkaline phosphatase (ALP) or dipeptidylpeptidase IV (DPPIV), 
with the HSl-14, mLAC 1, APN-1, AbM28 or DA0-7 /219 antibodies, respectively. A minimum 
of 300 cells was counted for the establishment of the labeling indexes for each antigen, per 
plating experiment. Values represent means ± S.E.M. of at least three separate experiments. 
Statistically significant differences between Ln- and merosin-cultured ce lis ( *), as well as 
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L'utilité de la lignée cellulaire Caco-2 en tant que modèle pour l'étude 
des différents aspects de la physiologie de l'entérocyte est bien reconnue 
(MÉNARD et BEAULIEU, 1994; ZWEIBAUM et CHANTRET, 1989). Cependant, 
leur origine cancéreuse ainsi que leur expression des enzymes de la bordure 
en brosse intestinale selon un patron de type mosaïque a souvent laissé planer 
un doute sur leur processus de différenciation cellulaire en tant que modèle 
valable de la différenciation entérocytaire normale (BEAULIEU et QUARONI, 
1991; MÉNARD et BEAULIEU, 1994). En effet, il était fort probable que cette 
propriété ne s'avère que le reflet d'une expression individuelle de gènes 
associés à la différenciation cellulaire, plutôt qu'une manifestation concrète 
d'un processus global de différenciation entérocytaire. Cependant, comme 
nous l'avons démontré dans le premier volet de nos travaux (Chapitre Il), tant 
la différenciation morphologique des cellules Caco-2 que leur expression de la 
SI s'effectuent selon un patron de type mosaïque transitoire. De plus, nous 
avons mis en évidence une absence de corrélation, au niveau cellulaire, entre 
le degré de développement de la bordure en brosse et l'expression de la SI. Il 
apparait donc que cette propriété qu'ont les cellules Caco-2 de se différencier 
morphologiquement et fonctionnellement selon un patron de type mosaïque 
transitoire, représente un phénomène d'expression découplée de gènes 
spécifiques à la différenciation entérocytaire. 
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Or, toujours chez ces cellules, nous avons récemment démontré que a) 
l'expression de la LAC, de 1' APN et de 1' ALP s'effectuent également selon des 
patrons de type mosaïque transitoires, chacun en concomitance à celui 
observé pour la SI; b) qu'il existe également une absence de corrélation entre 
l'expression de ces hydrolases, ainsi que celle de la DPPIV, et le 
développement de la bordure en brosse; et c) qu'il existe par surcroît un 
découplage entre l'expression de la SI et chacune de ces quatre autres 
hydrolases, au niveau cellulaire (MÉNARD et BEAULIEU, 1994; VACHON et 
BEAULIEU, 1993). Par conséquent, ces données indiquent que l'expression 
fonctionnelle de gènes associés à la différenciation entérocytaire est 
visiblement régularisée chez les cellules Caco-2, mais de manière non 
coordonnée, ce qui suggère l'absence d'un mécanisme de contrôle global en 
conditions in vitro. 
Il est pertinent de noter que ce phénomène d'expression hétérogène 
découplée des hydrolases intestinales chez les cellules Caco-2 semble réfléter 
certaines situations observées in vivo. En effet, l'analyse de la 
cytodifférentiation épithéliale intestinale chez des souris chimériques ainsi que 
transgéniques révèle invariablement une émergence de patrons de type 
mosaïque dans l'expression de gène-marqueurs, le long de l'axe crypte-
villosité (BRENNER et BOYLE, 1994; GORDON, 1989; GORDON et al., 1992). 
Également, l'expression émergente hétérogène ("patchy") de la SI, de la LAC 
ainsi que d'autres gènes associés à la différenciation entérocytaire est 
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observée au cours du développment et de la maturation de l'intestin chez les 
rongeurs (BRENNER et BOYLE, 1994; DULUC et al, 1993; RINGS et al., 1994; 
RUBIN, 1992). Il est d'ailleurs présumé que ces patrons hétérogènes 
résulteraient d'influences différentielles de facteurs impliqués dans 
l'établissement ainsi que le maintien du phénotype entérocytaire (BRENNER et 
BOYLE, 1994; GORDON, 1989). Enfin, l'hétérogénéité découplée que nous 
avons mis en évidence chez les cellules Caco-2 évoque l'expression selon un 
patron de type mosaïque de la LAC et de la SI observée dans certains types 
d'hypolactasie adulte (LORENZSONN et al., 1993; MAIURI et al., 1991) et de 
déficience congénitale de la SI (NAIM et al., 1988), respectivement. Ainsi, les 
cellules de la lignée Caco-2 s'avèrent potentiellement très utiles pour l'analyse, 
in vitro, des mécanismes moléculaires responsables de l'induction, de la 
modulation et de la coordination de l'expression des hydrolases intestinales. 
Il est maintenant reconnu que les constituants de la matrice 
extracellulaire, et plus spécifiquement ceux de la lame basale, exercent une 
influence importante dans l'organogénèse de même que dans la maturation et 
le maintien des tissus (ADAMS et WATT, 1993; HAHN, 1990; MC DONALD, 
1989; STOKER et al., 1990; TIMPL et DZIADEK, 1986). Au cours du 
développement de la muqueuse intestinale chez les rongeurs, des 
changements dans la composition de la lame basale ainsi que dans la 
distribution de certains de ses constituants ont été observés. Ces 
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changements semblent d'ailleurs associés à des événements 
morphogénétiques importants comme la villogénèse et la formation des 
cryptes (AUFDERHEIDE et EKBLOM, 1988; SIMO et al., 1991; SIMON-
ASSMANN et al., 1986). Il en est également de même chez l'homme 
(BEAULIEU et al., 1991, 1992, 1993a, 1993b et 1994; VACHON et al., 
1994). Plusieurs études ont révélé que de tels changements, et plus 
spécifiquement la synthèse même des constituants de la lame basale, 
résultent des interactions réciproques entre l'épithélium et le mésenchyme 
(DAUCA et al., 1990; KEDINGER et al., 1989; SIMON-ASSMANN et al., 
1990; SIMO et al., 1992a). Nos résultats présentés dans le second volet du 
présent travail (Chapître Ill) supportent ces observations et indiquent que, tout 
comme chez le modèle animal, les interactions épithélio-mésenchymateuses 
jouent un rôle clef dans les changements de la composition de la lame basale 
intestinale humaine. 
Mises ensemble, ces observations suggèrent fortement que la 
différenciation et la maturation de l'épithélium intestinal dépendent étroitement 
des interactions cellulaires qui s'exercent avec les constituants retrouvés au 
niveau de la lame basale (BEAULIEU et al., 1991, 1992, 1993a, 1993b et 
1994; HAFFEN et al., 1989; HAHN, 1990; KEDINGER et al., 1989; LOUVARD 
et al., 1992; SCHUPPAN et RIECKEN, 1990; SIMON-ASSMANN et al., 1990; 
VACHON et al., 1994). Plusieurs évidences supportent d'ailleurs cette 
hypothèse. En effet, des études in vitro à l'aide de cultures primaires ou de 
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lignées cellulaires intestinales de rongeurs, ont révélé que des extraits 
reconstitués de lame basale ("Matrigel") peuvent moduler la prolifération, la 
polarisation ainsi que la différenciation des entérocytes (AL TMANN et 
QUARONI, 1990; CARROLL et al., 1988; HAHN et al., 1987 et 1990; 
KEDINGER et al., 1987b; OLSON et al., 1991; WALLING et al., 1991). 
Certaines lignées adénocarcinomateuses de côlon humain, qui sont de nature 
métastasique agressive, peuvent être induites à exprimer un phénotype bénin, 
et même dans certains cas à se différencier, lorsqu'exposées à des matrices 
extracellulaires reconstituées ou déposées in vitro (BOYD et al., 1988; EAST 
et al., 1992; KIRKLAND, 1990; PIGNATELLI et BODMER, 1989; TOPLEY et 
al., 1993). Enfin, l'analyse de la distribution des constituants de la matrice 
extracellulaire révèle une déposition préférentielle de certains de ceux-ci le 
long de l'axe crypte-villosité (BEAULIEU, 1992; BEAULIEU et al., 1991, 1992, 
et 1993a; KEDINGER et al., 1989; PROBSTMEIER et al., 1990; SIMON-
ASSMANN et al., 1986). Par exemple, l'antigène MIM-1 /130 ne se localise 
qu'au niveau des cryptes (BEAULIEU et al., 1992). Également, la ténascine est 
retrouvée principalement à l'apex des villosités, alors que la fibronectine ne se 
retrouve qu'au niveau des cryptes (BEAULIEU, 1992; BEAULIEU et al., 1991, 
1992, et 1993a; PROBSTMEIER et al., 1990; QUARONI et al., 1978; SIMON-
ASSMANN et al., 1986). Cette distribution préférentielle réciproque suggère 
d'ailleurs un rôle pour ces deux molécules dans l'adhésion des entérocytes 
(BEAULIEU, 1992; PROBSTMEIER et al., 1990; QUARONI et al., 1978). 
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Toutefois, de tous les constituants de la lame basale identifiés jusqu'à 
ce jour, il apparait de plus en plus évident que c'est principalement la laminine 
qui joue un rôle critique dans la modulation de la différenciation entérocytaire. 
En effet, tout comme le collagène (AL TMANN et QUARO NI, 1990; EAST et 
al., 1992; HAHN et al., 1990; KEDINGER et al., 1987; KIRKLAND, 1990; 
PIGNATELLI et BODMER, 1989; RICHMAN et BODMER, 1988; SCHUPPAN 
et RIECKEN, 1990; WALLING et al., 1991), la laminine peut supporter la 
prolifération cellulaire, ainsi qu'induire une polarisation morphologique et 
moduler l'expression de 1' ALP, chez les entérocytes de rongeurs (KEDINGER 
et al., 1987; HAHN et al., 1987 et 1990; SIMO et al., 1992b). Cependant, 
seule la laminine a été démontrée comme étant susceptible de moduler 
l'expression de la LAC, chez le rat (SIMO et al., 1992b). Or, notre analyse de 
la distribution de laminine (Chapitre IV) chez l'intestin adulte humain a non 
seulement démontré une localisation préférentielle de celle-ci au niveau des 
villosités, mais elle a également révélé pour la première fois une distribution 
restreinte de la mérosine au niveau des cryptes. Par conséquent, ces 
observations identifient la laminine comme un modulateur potentiel de la 
différenciation entérocytaire humaine et suggèrent fortement l'implication de 
la laminine et de la mérosine dans une modulation différentielle de ce 
processus, le long de l'axe crypte-villosité. 
Nous avons donc cherché à vérifier cette hypothèse dans le dernier 
24 
volet de nos travaux (Chapitre V) par l'analyse, au niveau cellulaire, de 
l'implication de la laminine ainsi que de la mérosine dans la modulation de la 
différenciation des cellules Caco-2. La justification de l'utilisation de cette 
lignée en tant que modèle in vitro pour ce genre d'étude repose sur trois 
points précis. Tout d'abord, comme il a été déjà mentionné, les cellules Caco-
2 sont reconnues en tant que modèle utile pour l'analyse de la maturation et 
des fonctions entérocytaires (MÉNARD et BEAULIEU, 1994; ZWEIBAUM et 
CHANTRET, 1989). Deuxièmement, la propriété de celles-ci à exprimer les 
hydrolases de la bordure en brosse selon un patron de type mosaïque facilite 
l'identification et l'analyse, au niveau cellulaire, des mécanismes susceptibles 
d'influencer la différenciation entérocytaire. Enfin, comme nous l'avons 
démontré dans le second volet de nos travaux (Chapitre Ill), les cellules Caco-
2 expriment non seulement la laminine mais exhibent également un 
comportement apparemment normal en ce qui a trait à la synthèse et à la 
déposition des constituants de la lame basale, lorsqu'en co-culture avec des 
cellules mésenchymateuses intestinales. Une telle propriété n'est pas observée 
chez d'autres lignées carcinomateuses de côlon humain (BOUZIGES et al., 
1991; DANEKER et al., 1987 et 1989; RÉMY et al., 1992). D'ailleurs, la 
redistribution des intégrines B1 à la base des cellules Caco-2 en co-culture, 
comme nous l'avons observé (Chapitre Ill), est un indicateur fiable d'une 
capacité d'interaction fonctionnelle normale avec la lame basale (ALBELDA, 
1993). Or, une désorganisation dans la déposition de laminine et/ou une 
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altération dans l'expression des intégrines sont souvent observées dans les 
tumeurs colorectales (ALBELDA, 1993; AZNAVOORIAN et al., 1993; BARSKI 
et al., 1983; DAMJANOV, 1990; DANEKER et al., 1987; KORETZ et al. 
1991; PIGNATELLI et al., 1990 et 1992; STALLMACH et al., 1992) ainsi que 
chez des lignées carcinomateuses de côlon (ALBELDA, 1993; BOUZIGES et 
al., 1991; DANEKER et al., 1987; PIGNATELLI, 1990; SIMON-ASSMANN et 
al., 1994). 
L'analyse de l'expression de la laminine chez les cellules Caco-2 a révélé 
une déposition cumulative de celle-ci en fonction du processus graduel de 
différenciation entérocytaire. De plus, nous avons observé une relation étroite 
entre l'expression mosaïque transitoire de la SI et une expression hétérogène 
également transitoire de la chaîne A de la laminine. D'ailleurs, nous avons 
démontré, au niveau cellulaire, une corrélation directe entre l'expression basale 
de cette chaîne et celle de la SI à la région apicale. Enfin, la culture des 
cellules Caco-2 sur la laminine ainsi que sur la mérosine a non seulement 
démontré un effet promoteur direct de la laminine dans l'expression de la SI, 
de la LAC, de I' APN et de I' ALP, mais nous a également permis de de mettre 
en évidence un aspect modulateur différentiel pour ces deux constituants. En 
effet, nous avons observé que la mérosine influence positivement l'expression 
de 1' APN et de 1' ALP, mais non pas celle de la SI et de la LAC. Or, une 
expression différentielle des hydrolases intestinales est observée le long de 
l'axe crypte-villosité de l'intestin humain (voir Chapître 1). Étant donné que la 
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laminine se localise préférentiellement au niveau de la villosité et que la 
mérosine se localise au niveau de la crypte (Chapitre IV), nos observations 
ajoutent donc un argument de poids en faveur du concept d'une modulation 
de la différenciation entérocytaire par des changements dans la composition 
de la lame basale, le long de l'axe crypte-villosité. 
Les mécanismes moléculaires selon lequels la laminine et la mérosine 
influencent différentiellement l'expression des hydrolases intestinales 
demeurent inconnus. Une expression différentielle le long de l'axe crypte-
villosité des récepteurs de la famille des intégrines, susceptibles de reconnaître 
la laminine comme ligand, pourrait constituer la base de tels mécanismes. En 
effet, dans l'intestin adulte, a6B1 et a6B4 sont exprimées par toutes les cellules 
épithéliales, alors que a3B1 et a 2B1 ne sont exprimées qu'au niveau de la 
villosité et de la crypte, respectivement (BEAULIEU, 1992; Chapitre IV). 
Cependant, les récepteurs cellulaires susceptibles de reconnaître la mérosine 
en tant que ligand restent à être identifiés (ENGVALL, 1993; PAULSSON, 
1992). D'ailleurs, l'implication des récepteurs connus de la laminine dans la 
médiation de son influence sur les processus entérocytaires demeure 
incertaine. A titre d'exemple, il a été démontré que l'adhésion à la laminine est 
médiée par les intégrines a6 B4 et a2B1 chez les cellules carcinomateuses de 
côlon Clone A (LEE et al., 1992; LOTZ et al., 1990) et par a6B1 et a6B4 chez 
les cellules LoVo (RÉMY et al., 1993), ainsi que chez les cellules HT-29 
(SCHREINER et al., 1991; SIMON-ASSMANN et al., 1994). Par contre, aucun 
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changement dans l'état de différenciation fonctionnelle des cellules de ces 
lignées n'a été rapporté, lorsqu'elles interagissent avec la laminine. Or, tous 
les récepteurs de type intégrine de la laminine semblent être exprimés chez les 
cellules Caco-2 (BASSON et al., 1992; SIMON-ASSMANN et al., 1994; 
VACHON et BEAULIEU, en préparation). 
Plusieurs évidences indiquent que la reconnaissance d'un même ligand 
par des intégrines différentes, seules ou en collaboration, décuple non 
seulement la diversité des signaux biologiques susceptibles d'être transmis à 
une cellule, mais permettrait également la transmission de signaux différents 
selon l'état ou le type cellulaire (ALBELDA, 1992; HYNES, 1992; JULIANO et 
HASKILL, 1993; LIN et BISSELL, 1993; SCHWARTZ, 1992). Ceci 
s'accomplirait présumément par une modulation dans l'expression des 
intégrines, affectant ainsi la composition du répertoire exprimé (ALBELDA, 
1993; HYNES, 1992; JULIANO et HASKILL, 1993; SCHWARTZ, 1992). D'un 
autre côté, l'identification ainsi que la distribution restreinte de formes 
variantes de la laminine, comme la mérosine, laisse supposer un certain niveau 
de spécialisation de fonctions pour des constituants de la lame basale (ENGEL, 
1992; ENGVALL, 1993; PAULSSON, 1992). Or, certaines évidences indiquent 
que le répertoire d'intégrines requis pour l'adhésion de cellules épithéliales à 
la laminine diffère de celui requis pour l'adhésion à certaines formes variantes, 
comme la kalinine (ROUSSELLE et AUMAILLEY, 1994; SONNENBERG et al., 
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1993). Par conséquent, pour l'épithélium intestinal humain, il est probable que 
l'utilisation combinée des intégrines a6B1 , a6B4 et a3B1 lors de l'adhésion à la 
laminine résulte en l'acquisition d'un phénotype entérocytaire pleinement 
différencié, alors que l'utilisation de a6B1, a6B4 et a2B1 pour l'interaction avec 
la mérosine résulterait plutôt en un maintient de l'état peu ou pas différencié. 
Une analyse approfondie, au niveau cellulaire, du répertoire d'intégrines 
exprimé au cours du processus de différenciation des cellules Caco-2 devrait 
permettre la vérification de cette hypothèse. D'autre part, l'identification des 
intégrines utilisées par ces cellules lors de leur adhésion ~ la laminine, de 
même qu'à la mérosine, pourra vraisemblablement approfondir nos 
connaissances des interactions cellulaires épithéliales intestinales avec ces 
deux constituants. Dans tous les cas, l'utilisation des cellules Caco-2 devrait 
faciliter l'élucidation des mécanismes impliqués dans la modulation 
différentielle de la différenciation entérocytaire par la laminine et la mérosine. 
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VII-CONCLUSIONS 
L'objectif principal du présent travail était d'analyser, au niveau 
cellulaire, l'influence de la laminine sur la différenciation des cellules Caco-2, 
un modèle utile pour l'étude de la différenciation entérocytaire humaine. 
Dans un premier temps, nous avons caractérisé la propriété de ces 
cellules à exprimer de manière hétérogène les hydrolases intestinales. Nous 
avons mis en évidence que la différenciation morphologique (polarisation et 
developpement de la bordure en brosse) et fonctionnelle (expression de la SI) 
des cellules Caco-2 s'effectue selon un patron de type mosaïque transitoire, 
mais de façon découplée au niveau cellulaire individuel. D'ailleurs, des travaux 
ultérieurs à ce premier volet ont démontré que ce phénomène s'étend 
également à l'expression de la LAC, de 1' APN, de I' ALP et de la DPPIV 
(VACHON et BEAULIEU, 1993), suggérant ainsi l'absence d'un mécanisme 
global de coordination. A titre de premier pas vers l'identification de la nature 
d'un tel mécanisme, il serait avantageux de déterminer si une expression 
hétérogène transitoire des ARN messagers de ces enzymes est observée au 
cours du processus de différenciation des cellules Caco-2. Étant donné que 
l'expression des hydrolases intestinales est sujette à une régulation 
transcriptionnelle ainsi que post-transcriptionnelle (LOUVARD et al., 1992; 
MÉNARD et BEAULIEU, 1994; SEMENZA, 1986), il est donc utile de 
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déterminer à quel niveau l'absence présumée d'un mécanisme global de 
coordination est susceptible d'exercer ses effets. La technique d'hybridation 
in situ serait appropriée pour ce faire. 
Par ailleurs, plusieurs évidences indiquent que certaines hormones et 
facteurs de croissance modulent de façon différentielle l'expression des 
enzymes de la bordure en brosse chez les cellules Caco-2 (BEAULIEU et 
QUARONI, 1991; CROSS et OUARONI, 1991; HAURI et al., 1994; JUMARIE 
et MALO, 1991; MÉNARD et BEAULIEU, 1994). li serait donc pertinent de 
vérifier l'effet de ces facteurs, seuls ou en combinaison, sur l'expression 
mosaïque découplée des hydrolases. 
Dans un second temps, nous avons caractérisé la capacité des cellules 
Caco-2 à synthétiser de même qu'à déposer les principaux constituants de la 
lame basale intestinale. Nos observations ont démontré que ces cellules, 
malgré leur origine cancéreuse, sont d'une part aptes à une expression in vitro 
normale de ces constituants lorsqu'en co-culture avec des fibroblastes 
intestinaux humains et, de l'autre, d'interagir de manière fonctionnelle avec 
ces mêmes constituants. Par conséquent, le système de co-culture Caco-
2/HIM représente un outil avantageux pour l'étude de la régulation de la 
synthèse et de la déposition des constituants de la lame basale, dans un 
contexte d'interactions épithélio-mésenchymateuses intestinales humaines. 
Cependant, une caractérisation moléculaire plus approfondie de la contribution 
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des cellules Caco-2 et des cellules HIM dans la déposition d'une lame basale 
intestinale complète, en co-culture, devra être effectuée. Cet aspect spécifique 
fait d'ailleurs l'objet des travaux de maîtrise de Mme Josée Durand 
(Département d'anatomie et de biologie cellulaire, Faculté de médecine, 
Université de Sherbrooke). 
Dans un troisième volet, nous avons analysé la distribution de la 
laminine et de la mérosine le long de l'axe crypte-villosité de l'intestin adulte 
humain, dans le but spécifique d'évaluer leur implication potentielle dans la 
modulation de la différenciation entérocytaire. Leur distribution préférentielle 
au niveau de la villosité et de la crypte, respectivement, suggère l'existence 
d'une régulation différentielle, par ces deux constituants, de la différenciation 
de l'épithélium intestinal. Cependant, cette observation pose également la 
question de l'origine de la déposition de la laminine et de la mérosine, le long 
de l'axe crypte-villosité. En effet, une telle compartimentalisation de la 
déposition de constituants de la lame basale supporte non seulement le 
concept de la nécéssité de microenvironements dans l'établissement 
fonctionnel de l'axe crypte-villosité (LEBLOND, 1981; POTTEN et LOEFFLER, 
1990), mais indiquerait également une spécialisation régionale spécifique des 
interactions épithélio-mésenchymateuses (ou stromales, chez l'adulte). A cet 
effet, notre analyse de l'expression de la laminine et de la mérosine chez les 
cellules Caco-2, dans le quatrième volet, a révélé l'absence d'expression de 
cette dernière indépendamment de l'état de différenciation des cellules. Or, 
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des observations récentes suggèrent une origine à prédominance 
mésenchymateuse de l'expression de la mérosine (VUOLTEENAHO et al., 
1994). Le modèle de cc-culture Caco-2/HIM s'avère donc potentiellement utile 
pour déterminer la source de déposition de la mérosine dans la lame basale 
intestinale. 
Enfin, nous avons cherché à analyser directement l'implication de la 
laminine dans la différenciation entérocytaire. Notre analyse a démontré, d'une 
part, que la laminine est un modulateur prépondérant de l'expression des 
hydrolases intestinales et, de l'autre, que la laminine et la mérosine influencent 
bel et bien différentiellement l'expression fonctionnelle de ces mêmes 
enzymes. Cependant, il reste à déterminer à quel niveau de régulation 
d'expression ces deux constituants exercent leur influence. Il apparait de plus 
en plus évident que les constituants de la lame basale sont susceptibles de 
régulariser l'expression de gènes au niveau transcriptionnel (JULIANO et 
HASKILL, 1993; LIN et BISSELL, 1993). Il serait donc pertinent de vérifier si 
la modulation différentielle exercée par la laminine et la mérosine, chez les 
cellules Caco-2, s'effectue principalement à ce niveau. 
En conclusion, il reste maintenant peu de doute que l'expression de 
gènes associés à la différenciation entérocytaire est susceptible d'une part, à 
la déposition de constituants spécifiques de la lame basale (comme la 
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laminine), et, de l'autre, à une modulation différentielle par une distribution 
compartimentalisée de ces molécules le long de l'axe crypte-villosité. Chez les 
cellules Caco-2, une expression hétérogène découplée mais transitoire des 
hydrolases intestinales est observée au cours de leur processus de 
différenciation. Or, ce phénomène est concomitant à une expression mosaïque 
transitoire de la laminine hétérotrimérique, ce qui résulte en une déposition 
graduelle de cette molécule. De plus, la mérosine n'est exprimée à aucun 
moment par les cellules Caco-2 au cours de leur différenciation. Il est donc 
possible qu'une transition d'interactions cellulaires de la mérosine vers la 
laminine, telle que suggérée par leur distribution différentielle le long de l'axe 
crypte-villosité, représente le mécanisme global de coordination manquant 
chez les cellules Caco-2. Cependant, une expression différentielle des 
récepteurs potentiels de constituants compartimentalisés, telle qu'observée 
chez l'intestin adulte, vient ajouter un autre niveau de complexité dans la 
régulation de l'établissement et le maintient d'un phénotype entérocytaire 
pleinement différencié. Par conséquent, l'analyse approfondie du répertoire 
d'intégrines exprimées au cours de la différenciation des cellules Caco-2 
permettra, vraisemblablement, de mieux comprendre comment un entérocyte 
est, somme toute, amené à se différencier. 
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